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PRESIDENT’S 
MESSAGE 


Organization and Operation 


of the ALLE 


By E. L. Slagle 


President, American Institute of Industrial Engineers, Inc. 


Since your interest in, and understanding of, the Ameri- 
can Institute of Industrial Engineers provides the very 
foundation upon which our organization grows in stature 
and in strength, I believe that a description of the opera- 
tions of the AILE would be beneficial. What follows will 
be a compromise between the desire to provide you with 
a very comprehensive picture of our organization and the 
desire to keep the message reasonably short. 

Our organization (shown on the accompanying chart) 
is, in some respects, comparable to that of a large corpora- 
tion. The National Convention has certain aspects which 
could be compared with an annual meeting of stock- 
holders. Our Board of Trustees functions like a Board 
of Directors. Our Executive Committee and the national 
officers perform in a manner similar to executive commit- 
tees and officers found in industry. 

There are, of course, some differences. The offices, 
except for the Executive Secretary and Assistant Execu- 
tive Secretary, are elective positions in the AITE. Our 
Executive Secretary serves, to some degree, like an ad- 
ministrative vice president, Another important difference 
is our breakdown into regional groups with each regional 
group being represented on the Board of Trustees by a 
Regional Vice President and represented at the National 
Convention by delegates, the Regional Vice President, 
and chapter representatives. 

The AILE committees are a line and staff arrangement. 
Some of these committees develop and recommend 


policies. Other committees and positions are responsible 
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for implementing policies, procedures, and actions, as 
directed by the President. 


National Convention 


First, let us review the part which the National Con- 
vention plays in the operation of our organization. The 
constitution requires that a Nationa! Convention be held 
once each year at a time and place designated by the 
Board of Trustees. You may be interested in knowing 
that local chapters desiring to host the National Conven- 
tion must submit an invitation prior to thirty days before 
the annual convention. To provide sufficient time for the 
chapters to organize and develop this national meeting, 
the selection of the convention site is made by the Board 
of Trustees two years in advance. 

The National Convention is the legislative body of 
the AITE, and the voting members of the convention 
consist of the national officers, the senior chapter dele- 
gates, and the delegates-at-large from each region. 

Each senior chapter is permitted one voting delegate — 
selected by the chapter. Delegates-at-large are appointed 
by the Regional Vice Presidents in the number of one 
delegate-at-large per 100 members, or fraction thereof, in 
the region. All delegates serve for a one year period and 
must be reported to the Exeeu‘ive Secretary no less than 
30 days before the first dav of the National Convention. 

The constitution specifies that the President and the 
Regional Vice Presidcnis shall present an annual report 
of the past vear’s activities at the convention. It should 
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be noted that the constitution specifies that each senior 
chapter president shall also make evailable a report on 
the activities of his chapter. Such reports are summarized 
and presented by the Regional Vice Presidents 

At the regular meeting of the National Convention, 
which normally convenes on a Saturday immediately 
following our national conference, the various annual 
reports are made and the more important problems of 
immediate concern are reviewed. It is at this meeting 
that your Board of Trustees and national officers obtain 
their best insight into the thinking and desires of the 
membership. Although there are many occasions for 
personal contacts, and although there is much corre- 
spondence during the year, the National Convention 
prov ides an excellent source of guidance and is a sounding 
board for proposed actions of the national organization. 
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Amendments to the constitution become effective with 
an affirmative vote of three-fourths of the delegates. 


These amendments must be proposed by written petition 


or proposed by the Board of Trustees. An amendment 
cannot be acted upon, however, unless a copy of the 
proposed amendment is sent to each regular member by 
the Executive Secretary at least sixty days before the 
National Convention. This period of time allows for 
proper consideration by the regions and chapters and for 
proper instruction of the delegates. It is of extreme im- 
portance that vou remember to instruct your delegates 
properly and that you appoint delegates who will faith- 
fully carry out the instructions of the appointing au- 
thority (a chapter or a Regional Vice President). In the 
past, frequent confusion, ill-considered actions, and 


costly delays have been occasioned by delegates present- 
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ing one point of view, although there was already in the 
national file a recent contradictory point of view expressed 
by the individual or body appointing the delegate in 
question. 

Special meetings of the National Convention may be 
called by a majority vote of the Board of Trustees when- 
ever such action must be taken in the best interests of 


the ALLE. 


Board of Trustees 


The constitution provides that the Board of Trustees 
shall exercise the powers of the National Convention in 
the interim between conventions, subject to such restric- 
tions as may be imposed by the provisions of the constitu- 
tion. The members of this board are: the President, the 
Executive Secretary, the Assistant Executive Secretary, 
Board Members-at-Large, and the Regional Vice Presi- 
dents. The bylaws provide that the Board shall meet at 
least once per vear. In actual practice the Board convenes 
in October and at the time of the National Convention. 

The Board of Trustees is empowered by the constitu- 
tion to assign additional duties to the national officers; to 
charge national dues; to pass, repeal, or modify bylaws 
pertaining to matters not expressly specified in the con- 
stitution; to specify regions and the number of Vice 
Presidents; to grant charters to new chapters; to approve 
or disapprove amendments to chapter constitutions and 
changes to chapter bylaws, and to delegate responsibilities 
aud duties to the Executive Committee. The Board of 
Trustees has as its chairman the President of the AIIE. 


Executive Committee 


The President, the Executive Secretary, the Assistant 
Executive Secretary, the Treasurer, and the immediate 
past President constitute the members of the Executive 
Committee. 

The duties and powers 6f the Executive Committee are 
those delegated by the Board of Trustees. Meetings are 
normally held once a month at Columbus, Ohio, to review 
problems which have arisen during the month, to provide 
necessary guidance to the President, and to prepare 
recommendations with regard to changes in policy and 
bylaws for action by the Board of Trustees. 


National Officers 


The national officers of the AIITE are the President, 


Executive secretary, Assistant Executive Secretary 
Treasurer, Board Members-at-Large, and the Vice Presi- 
dents from each region. All officers are elected for one- 
year terms, except for the Board Members-at-Large who 
serve for two years to provide greater continuity of ex- 
perience and to facilitate the transfer of current business 
from the retiring to the incoming slate of officers. The 
positions of Executive Secretary and Assistant Executive 
Secretary are filled by appointment by the Board of 
Trustees. Only fellows and senior members are eligible 
for nomination to the national offices. 
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National elections are held once each year, normally 
during the month of March. The entire membership 
participates in the voting for the positions of President, 
Board Members-at-Large, and Treasurer. Vice Presidents, 
of course, are elected by the vote of only the members of 
the region which they serve. A nominating committee, 
comprising the Regional Vice Presidents, prepares a 
slate of nominees for the positions of President, Treasurer, 
and Board Members-at-Large. This slate of officers is 
forwarded to the Executive Secretary in February. 
Similarly, regional nominating committees, comprising 
the Regional Vice President, the chapter Presidents, and 
the Delegates-at-Large, prepare a nominating slate 
covering the position of Vice President of the region con- 
cerned. The nominating ballots are reviewed at the na- 
tional headquarters by the Executive Secretary and a 
Teller’s Committee appointed by the President. Following 
this review, the national ballot is prepared and mailed to 
the membership. 

In addition to serving as Chairman of the Board of 
Trustees and the Executive Committee, the President 
takes the necessary action to implement the decisions 
and policies of these governing groups, appoints commit- 
tees and defines the functions thereof, and, in general, 
directs the operation of the organization within the 
limitations imposed upon him by the governing groups. 

The Treasurer prepares monthly cost statements, 
providing the Executive Committee with the necessary 
information with regard to income and expenses, and 
makes the necessary comparison statements of actuals 
against budgets. In addition to this, the Treasurer is re- 
quired by the constitution to prepare and to present at 
the National Convention an up-to-date financial state- 
ment covering the period of his term of office and to re- 
port periodically to the Board of Trustees the financial 
condition of the organization. 

It is the responsibility of the Executive Secretary and 
the Assistant Executive Secretary to operate the national 
headquarters on a day-to-day basis. The volume of work 
involved in routing inquiries to the proper committees, 
answering letters, and preparing reports has grown to 
such a point that it is necessary to maintain at the na- 
tional headquarters in Columbus a full-time business 
administrator and full-time stenographic help. This 
office force assists the Executive Secretary in the dis- 
charge of his duties. 

I am frequently asked questions with regard to financial! 
assistance to the national officers by the AITE. All officers 
serve without selary. At this time, it is not the policy of 
our group to pay for travel and other expenses incurred 
by the national officers in connection with attendance 
at the National Convention, Board of Trustees meetings, 


Executive Committee meetings, committee meetings, and 
meetings of other professional and national groups at 
which we have representation. There have been a very 
few situations in which some portion of the expenses of a 
national officer have been borne by the national treasury. 
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Other National Officers 


The national officers of the AILE who direct and repre 
sent the regions are the six Regional Vice Presidents. The 
six regions are the Northeastern, Southeastern, Central, 
Midwestern, Southwestern, and Western 

The constitution requires that the Vice Presidents shall 
supervise the chapters in their respective regions and 
shall arrange for regional conferences as described in the 
bylaws. Each Vice President is also required to follow 
the activities of the chapters in his region and to prepare 
an annual report for presentation at the National Con- 
vention 

The Regional Vice Presidents cooperate with educa- 
tional institutions in their respective regions, encourage 
chapter organization, arrange to invite members-at-large 
to regional conferences, appoint delegates-at-large for the 
region, and conduct nominations for their successors 

The Vice Presidents perform a very necessary function 
n coordinating AILE activities in their respective areas 
and in providing representation for their local chapters 


and their region at the meetings of the Board of Trustees 
Committees 


The committees of our national organization may be 
categorized es functional, technical, and special Certain 
of these committees are also designated as standing com- 
mittees by the constitution or bylaws because of their 
importance to the organization 


Committees other than the standing committees may 


be established by a motion and majority vote of the 


membership at the National Convention, by the vote of 
the Board of Trustees, or by the Executive Committee. 
Committees may also be initiated by the President 

Committee chairmen are appointed by the President 
and shall perform such duties as may be assigned by him. 
To the degree possible, of course, the President consults 
with other national officers prior to the appointment of a 
national committee chairman. The term of the appoint- 
ment is normally one year. Committee members, unlike 
elected officers, may, and frequently do, serve for several 
successive “years on the same committee. 

Committees may be established to perform specific 
tasks related to the functioning of the organization, or to 
investigate any subject within the scope of the areas of 
interest of the Institute and the profession. Each commit- 
tee is expected to prepare an annual report of its activi- 
ties. All committee reports and publications become the 
property ol the Institute. 

Because of the large number of committees it has be- 
come necessary to coordinate committee activity in order 
to provide staff assistance to the President in directing 
the activities of the committees, and also to provide the 
committees with a greater degree of stability during the 
period when the newly elected officers and newly ap- 
pointed committee members are getting their feet on the 
ground. The Board of Trustees, therefore, voted at their 
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May 1, 1953, meeting to empower the President to ap- 
point, subject to Executive Committee approval, a num- 
ber of directors to coordinate and administer certain 
functions for the President. The term of appointment of 
a director is one vear, beginning October 1 of each year. 
Since the term of appointment overlaps that of the regular 
term of officers, greater organizational stability is pro- 
vided. At the present time, we have nine such directors. 

The Director of Programs coordinates all activities 
related to the formation of programs. During the past 
year, the chief objective of our Director of Programs was 
the development of a manual for use by the chapter 
Program Committee chairmen. This manual contains 
information concerning such matters as: planning the 
program, sources of speakers, courtesies to speakers, sub- 
stitute speakers, topic listings, and available speakers. 

The Director of Chapter Expansion is responsible for 
the coordination of all activities in connection with the 
formation of new chapters. During the past vear a manual 
“How to Start a Chapter of the AITE” was developed. 
This manual is proving to be of material assistance in the 
formation of new chapters. 

The Director of Student Chapters is responsible for: 

1. Fostering the establishment of new student chapters; 


2. Encouraging the growth of existing chapters; 


4. Improving the relationship between student chapters 
and senior chapters; 

t+. Providing incentives for students to develop a true 
professional attitude through student contests, awards, 
and other chapter activities; 

5. Coordinating actions designed to encourage studa,:+s 
to enter the profession of industrial engineering ; and 

6. Obtaining the maximum conversion of student mem- 
bers to associate members following graduation. 

The Director of Membership is responsible for de- 
veloping programs to increase the membership growth 
rate. This director must work closely with the Member 
ship Qualifications Committee since it is not the desire 
of the Institute to compromise in any way our member- 
ship standards. Through the activities of your own 
chapter membership committee, I am sure that vou are 
all acquainted with the national efforts in this direction. 
This year, we are publishing a manual “‘How to Insure 
AILE Membership Growth”’. 

It is the function of our Director of Public Relations to 
coordinate all committee work related to the furtherance 
of public knowledge, and acceptance, of industrial engi- 
neering. We must not fail to recognize that industrial 
engineering is one of the newest and, perhaps, least-known 
branches of engineering. Consequently, it is most mis- 
understood. A comprehensive study of the problem has 
been completed. 

Our Director of International Relations is responsible 
for developing and maintaining a working relationship 
with industrial engineers and professional engineering and 
management groups in other countries. 


November -Decembe r, 1955 


Our Director of National Meetings has the responsi- 
bility of developing policy and procedure regulating all 
national meetings. The number of such meetings is in- 
creasing every year. It follows that some policy control is 
required to avoid the failures which would result from 
lack of experience, scheduling conflicts, programs not in 
keeping with the interests of the Institute, and failure of 
the national organization to provide the means whereby 
the knowledge gained by one group may be passed on to 
another 

The Director of Functional Committees coordinates the 
work of eight national committees. 

1. The Membership Qualifications Committee reviews 
and verifies all data contained in submitted applications 
and confers or withholds membership. Findings of the 
Committee are subject to review by the Board of Trus- 
tees. Because of its importance in upholding the standards 
of membership in the Institute, this committee has been 
designated as a standing committee in the bylaws. Over 
100 applications are processed nearly every month by this 
group. I believe that you will agree that each application 
should be given a very thorough inspection in all fairness 
to the member and to the Institute. The national head- 
quarters office receives many complaints with regard to 
the delay in processing applications. The Membership 
Qualifications Committee invites constructive suggestions 
to eliminate the problem, and has recommended that 
the complainants be appointed to serve on the committee. 

2. A Constitution Committee prepares changes to the 
constitution and bylaws as recommended by the Presi- 
dent, the Board of Trustees, the National Convention, or 
by petition of ten or more regular members of the In- 
stitute. Independent studies are conducted for the purpose 
of maintaining the constitution and bylaws in such form 
as to best serve the Institute in the attainment of its 
objectives, protecting the rights and interests of the 
members, and providing the officers with proper powers 
and procedures to expeditiously conduct the affairs of 
the organization. 

3. The Education Committee, another standing com- 
mittee, collects and disseminates information for use by 
students and other individuals interested in the educa- 
tional opportunities in the field of industrial engineering. 
The committee reviews problems having their origin in 
college and university curricula. 

1. The Professional Registration Committee actively 
encourages industrial engineers to register. The com- 


mittee assists members of the organization with regard 


to registration problems and assists chapters attempting 


to effect changes in State registration laws. One objective 
of this committee is the attainment of recognition of the 
industrial engineers by the various State Boards of Engi- 
neering Registration. 

5. The Convention Committee is responsible for all 
arrangements and programs in connection with the na- 
tional conference and convention. 


6. The Curricula Committee reviews industry require- 
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ments and assists engineering schools and colleges de- 
siring help in development of imdustrial engineering 
programs of study for graduate and undergraduate. 

7. The Resolutions and Awards Committee is responsi- 
ble for encouraging activity by both individuals and 
chapters. This committee recommends recognition and 
other awards. A formalized program designed to meet 
the objectives of this committee is being developed. 

8. The History Committee, through review of the 
records of the AILE, is developing a history of our or- 
ganization. Once the history is recorded to a current date, 
future activities of the committee will be to maintain 
this information on a current basis. 

The Director of Research is responsible for coordinating 
the activities of the various research committees. These 
committees are: Bibliography, Terminology, Material 
Handling, New and Unusual, Work Measurement, Pro- 
duction Control, Statistical Quality, Industrie! Safety, 
Engineering Economy, and Small Business. It is the ob- 
jective of this group to foster and encourage research in 
the field of industrial engineering. It is not the objective 
of this group to engage in research. 

Other committees have been appointed for special 
purposes. 

The Committee on Professional Relations was estab- 
lished to work with other professional groups and explore 
the possibilities of affiliation with these groups. The work 
of this committee has resulted in our gaining associate 
membership for the AITE on the Engineers’ Joint Council. 
This was the first step in the direction of aligning the 
industrial engineer with his colleagues in other branches 
of the ever-widening field of engineering. Currently, dis- 
cussions are being held with the Engineers’ Council for 
Professional Development. It is the official position of 
the AILE that we should share the burden of accrediting 
curricula related to the field of industrial engineering. 
The E.C.P.D. has accepted this point of view and we 
currently have 24 top-ranking industrial engineers on the 
E.C.P.D. accrediting team. In addition to this, the AITE 
has been invited to work on an E.C.P.D. committee de- 
signed to develop the industrial engineer during the first 
five years following graduation. 

The Committee on Organization develops and main 
tains job descriptions for all officers and national com 
mittee chairmen. This committee also has the responsi 
bility for the organization chart and manual, and makes 
recommendations to the President with regard to changes 
in the organization and job duties. 

The Committee on Publications Coordination and 
Plans is responsible for policy and procedure pertaining 
to all publications of our organization. 

I hope that this brief review of the organization and 
operation of your AITE will be of assistance and provide 
you with at least some of the vital background informa- 
tion required for intelligent consideration of the various 
problems and actions of our Institute. 
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Performance Sampling in Work 
Measurement 


By Ralph M. Barnes and Robert B. Andrews 


University of California, Los Angeles 


In 1935 L. H. C. Tippett described a statistical method 
which he had developed in the English textile industry to 
measure operator and machine delays (26). R. L. Morrow 
(18) was one of the first people in this country to use 
Tippett’s methods and this technique has come to be 
known as the Ratio-Delay method. 

In 1040 we started our statistical studies of work meas- 
urement, and a summary of some of our findings was pub- 
lished in 1950. That report (11) presented evidence as to 
the reliability, validity,’and practicability of the ratio- 
delay method as applied to manufacturing operations in 
this country. Over the years the ratio-delay method has 
found increasing use, and numerous articles have been 
published describing applications of this technique. 

From the outset we believed that sampling could be 
used to measure work and some people have used sampling 
for this purpose. However, it appears that few studies 
have been made of the type of statistical distribution which 
is representative of performance levels of manually paced 
operations, nor has a specific statistical technique been 
developed based upon the appropriate distribution and 
which is applicable to work measurement. This report 
contains the results of several studies of ours pertaining 
to performance sampling for work measurement, including 
a comparison of performance sampling and time study as 
means of measuring industrial operations. 

In this report we are using work sampling as the broad 
term which includes results obtained from performance 
sampling and alse. from the application of the ratio-delay 
method. Performance sampling is the name we have given 
to the sampling procedure for obtaining the average per- 
formance index of the operator’s productive activities 
during the working day. Whereas ratio-delay is the name 
of the sampling method used to determine the part of the 
work day (number of minutes) during which the operator 
is working productively and the part of the day during 
which he is idle Ratio-delay studies also make it possible 
to obtain a breakdown of the reasons for the delays or 
idle time 


Conclusions 


Our studies seem to indicate that work sampling will 
give time standards for repetitive standardized manual 
tasks which are substantially the same as standards ob- 
tained by time study. Moreover, sampling measurements 
can be made with a pre-assigned reliability. Even in a 
plant where methods are not standardized and where job 
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descriptions are nonexistent a performance index by 
operator or by department can be obtained by work 
sampling. Such data would show the standard hours of 
productive work, average performance index, idle time and 
delays, and a breakdown of the various reasons for the 
nonproductive time. 

We believe that work sampling provides a valuable tool 
for measuring work, and that this simple inexpensive 
method will find wide use in many areas where manual 
work is performed. 
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Objective 


This project was undertaken to develop a sampling 
technique which would provide an accurate and economi- 
cal method of determining, with a pre-assigned reliability, 
the performance level of labor activities. The technique 
was to be applicable to any well defined physical task. 


Scope of the Investigation 


The study of the applicability of statistical sampling 
methods to work measurement was divided into three 
main phases: 

|. The investigation of the type of statistical distribution 
which is representative of performance levels of manually 
paced operations. 

2. The development of a specific statistical technique 
based upon the appropriate distribution and applicable to 
work measurement. 

3. The testing of the validity of the proposed statistical 
method by studies actually carried on in industrial or- 
ganizations. 


Phase |! 


An investigation was made to determine the nature of 
the distribution which was representative of performance 
indices. The procedure emploved was to obtain actual data 
from the random observation of workers’ performance 


Analysis of the Statistical Distribution 
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levels over a period of time. The necessary data were ob- 
tained through the cooperation of two manufacturing 
organizations. In both instances the operations examined 
were completely manually controlled by the operators. A 
total of over 8000 random observations were taken. 

The next step was the analysis of the data to determine 
what generalizations could be made about the theoretical 
parent populations. The hypotheses that the populations 
were normally distributed were tested. The Chi-squared 
Test used to test these hypotheses resulted in a strong 
rejection of the hypothesis of normality for both sets of 
data. The probability that the sample data of either com- 
pany was drawn from a normally distributed population 
was less than | in 10,000. 

With the rejection of the hypotheses of normality, it 
was decided that no generalizations would be made about 
the distribution of performance indices. A complete report 
of this phase of the study has been published (4). 


Phase 2 Statistical Theory 
formance Sampling 


Applicable to Per- 


Because of the results obtained in Phase 1, non-para- 
metric statistical methods, which require no assumptions 
about the form of the distribution, were used to derive the 
relationships applicable to performance sampling. The 
basic equation governing performance sampling of work 
was determined to be n, = -2—. In this equation nm, is the 

number of observations of performance levels in the sam- 
ple, o is the standard deviation of the performance level 
population, d is the difference between the population mean 
and sample mean and a is the level of significance. The 
complete derivation of this basic relationship has been 
published (5). 

This equation permits one to determine the sample 
size required to give a desired maximum difference between 
the sample mean and the population mean for any specified 
level of significance. The solution of the equation to find 
an approximate sample size requires enough of a knowledge 
about the population to estimate its standard deviation. 
Tchebycheff’s Inequality permits the determination of 
the extent to which the mean and standard deviation 
characterize the distribution when the mathematical form 
of the distribution function is not known. This theorem 
states that less than 1, k* of the area of the distribution 
curve lies farther from the population mean than ke. 

Examinations of performance index distributions indi- 
cate that, for most operations and operators, the popula- 
tion standard deviation usually does not exceed a value of 
12. Applying Tchebycheff’s Inequality and assuming the 
mean actual performance index to be 125, a standard 
deviation of 12 will result in a distribution in which ap- 
proximately 90% (1 1k? = 1 — 1/(3)*) of the indices 
fall within the three standard deviation range about the 
mean or between 89 and 161. Under these assumptions 
the number of observations required to determine the 
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400 
variance o® 
a 


Fic. 1. Solutions of the Equation n, = >, 
da 


a= 05 


average productive level to within +5 units and with 0.95 
confidence would be, 
(12)*- 


= = l 15 
(3)*(0.05) 


Figure 1 presents graphically the relationship between 
sample size and population variance for the 0.05 level of 
significance and various desired maximum deviations be- 
tween sample and population means. 

The sufficiency of a sample, whose size has been based 
upon an estimate of ¢, should be tested. This can be done 
by comparing the upper confidence limit of the population 
standard deviation with its assumed value. If the upper 
confidence limit is less than the estimated value, the sample 
size was adequate for the desired accuracy and statistical 
confidence. If, however, it is greater than assumed, addi- 
tional sampling is required. This process of sampling and 
comparison must be repeated until the upper confidence 
limit is less than the assumed population standard devi- 
cs 
ation. The upper confidence limit is given by s + : 

V 
where a and n,, have the same definitions as given above, 

6-3} 
8 is the sample standard deviation and ¢ = [: +-; | ; 


8 in this equation is the relative kurtosis as given by 
m,/o', the ratio between the fourth moment about the 
mean and the variance squared. The development of the 
equation for the upper control limit is also given in the 
Appendix. 

By substituting s, the sample estimate of o for ¢, and 
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= 4 
| 
7 


solving for d, the form d is obtained. In this 


V 
form, the reliability of a sample estimate of the population 
mean can be found. It also permits the determination of 
the | a confidence interval for the population mean. 
If # is the sample mean, the interval + d will contain 


the population mean with a confidence coefficient of 1 — a. 


Phase 3 Test of the Validity of Work Measurement 
by Performance Sampling 


Procedure 


To validate performance sampling as a method of meas- 
uring work, it would be desirable to compare its results 
with other accepted methods of measuring work. Since 
time study is the most widely used method, performance 
sampling was tested against time study. The procedure for 
evaluating the proposed technique was a comparison of 
the normal time established by performance sampling, 
for each selected operation studied, with its corresponding 
normal time obtained by time study 

The necessary data were obtained under actual factory 
conditions through the cooperation of several industrial 
organizations. The actual studies were made by experi- 
enced industrial engineers of the cooperating firms. The 
studies which the participating companies were asked to 
make consisted of four main parts: 

|. The selection of the operation to be studied. 

2. The definition of the elements of the selected oper- 
ation which were to be measured and the establishment of 
a normal time for the defined operation 

3. The taking of a random sample of: 

a. The productive effort applied to the measured work 

elements 
The machine-controlled portion of the operation 
The unmeasured work 
The delays, personal, unavoidable, and avoidable. 
The compilation of additional necessary information, 
including: 

a. The actual total time spent by each operator in the 

experimental group during the period of the study. 

b. The total number of units of work produced by each 

operator in the experimental group during the 
period of the study 

The selection of the operation to be studied was based 
upon certain definite requirements: 

1. The operation must have had a standardized method. 

2. The operators must have been experienced in the 
particular operation and have been following the pre- 
scribed method 

3. An additional restriction was placed upon operations 
which were partially machine controlled. The machine- 
controlled portion must have constituted from 15 to 85% 
of the total normal cycle time. To attain the desired ac- 
curacy with the desired statistical confidence, machine- 
controlled portions outside these limits would have re- 
quired a prohibitively large sample s1ze 

Once the operation to be studied had been selected, it 
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was necessary to clearly define the elements to be included 
in the measured work category. In general, the criterion 
used for making this decision was the frequency of occur- 
rence of each element. Those elements which occurred at 
least once each cycle were measured. Less frequent ele- 
ments such as inspection, recording production counts, 
lining trays, etc., were classified as unmeasured work. 

Since only experienced industrial engineers were utilized, 
the exact method of conducting the time study was left to 
the individual preference of the engineer. It was suggested 
that it be conducted according to the procedure regularly 
employed in the particular plant. It was considered es- 
sential that the same engineer make both the time study 
and the performance sampling study. This precaution 
eliminated one source of possible error— differences be- 
tween raters in their concept of normal performance. 

Another possible source of error was eliminated by 
restricting the validation procedure to only the measured 
portion of the total actual working time. Thus the compari- 
son was made between the normal times established by 
performance sampling and by time study. Allowances were 
not included in the time study and, except for their use in 
ratio-delay analysis, personal, unavoidable and avoidable 
delays were excluded from performance sampling. This 
made it necessary to insura that a sufficient number of 
observations were taken to permit ratio-delay analyses to 
be made with the desired confidence. The number of ob- 
servations necessary to determine the percent of the total 
actual time spent on measured work, within the desired 
accuracy, exceeded that required for performance sampling. 
Hence, the ratio-delay requirement was the determining 
factor in choosing the required sample size. A sample size 
of 600 observations was decided upon as a compromise 
between sample reliability and minimizing the demands 
upon the company. This sample size, with 95° confidence, 
resulted in absolute errors of +2.4% and +3.2% in the 
percent of actual time spent on measured work when the 
delays and unmeasured work totalled 10° and 20 re 
spectively of the actual time.' 

rhe number of operators, individually measured and 
simultaneously performing the selected operation, deter- 
mined the number of sampling trips required to give a 


_ | The required sample size was based upon the assumption that 
the delays and unmeasured work would constitute 10% of the 
actual time. The desired absolute error in the percent of actual 
time spent on measured work, with 95% confidence, was set at 
+24%. The sample size necessary to yield these results was de 


termined from the equation n = ; 


where n is the 


number of observations, p,, is the percent of actual time spent on 
measured work, and ¢ is the absolute sampling error in p,,. Sub 
1.96)2(0.10) — 0.10 

0.025)? 
size was rounded off to 600 observations. The absolute sampling 


stituting, n = = 554. The required sample 


errors associated with total delavs and unmeasured work of 10% 
and 20% were determined by substituting these values into the 


— p, 


equation e = V 


November 


total of 600 observations. For example, if there were five 
operators, 120 (5 & 120 = 600) sampling trips would be 
required. Once the number of trips had been established, 
the trip times themselves could be determined. The 
method used to select the sampling times was exceedingly 
important. Estimations of sampling errors are dependent 
upon a knowledge of the probability with which individual 
observations would be included in a sample. By simple 
random sampling, all possible combinations of observa- 
tions, comprising a sample of a given size, will have equal 
probabilities of being selected. Trip times were randomized 
to maintain statistical validity. 

The procedure used in making the actual performance 
sampling was as follows: 

1. Observations were made of each operator in the 
experimental group at the selected times. 

2. At the instance that the observer viewed each oper- 
ator, the state of the operation was noted. 

a. If the element observed was classified as measured 
work, the operator was rated and his performance 
level was recorded. 

bb. If the operation was in a delay or unmeasured work 
state it so was recorded. 

The engineer making the study was supplied with 
Written procedural instructions which included a table of 
random sampling times. Performance sampling data sheets 
were also proy ided 


Re sults 


The results of the studies made are summarized in 
Table 1. The following guide to the chart explains each 
column. The illustrative figures are those actually used in 
computing the various quantities for the Company A 
study, line | of the Table. For those interested in following 
through the calculations associated with performance 
sampling, the complete computation procedure used to 
analyze the Company A Full Study is given. A sample of 
the original data sheets of the Company A Study is repro- 
duced. 

As an illustration of the results which would have been 
obtained if smaller size samples had been taken, Table 1 
includes the results of 50° and 25% sub-samples of each 
full study. These sub-samples were obtained by systematic 
sampling of the original observations of each study. The 
systematic sampling plan for taking the 50% sub-sample 
consisted of selecting at random either | or 2 as the starting 
point and taking every second observation thereafter in 
the chronological order in which observations were origi- 
nally taken. Similarly forthe 25% sub-sample, every fourth 
observation, alter a random starting point, was included 
in the sample 

Figure 2 shows the percent difference between normal 
time obtained by performance sampling and normal time 
obtained from time study for each of the fourteen different 
industrial operations studied. The average difference is 

5 with maximum variations of +15.5% for Study No. 
F-2 and —6.2% for Study C-4 
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Fic. 2. Results of Full Studies 
Percent difference between normal time performance sam- 
pling and normal time—time study. 
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Fic. 3. Results of 50 Percent Sub-Samples 
Percent difference between normal time—performance sam- 
pling and normal time—time study. 
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Fic. 4. Results of 25 Percent Sub-Samples 
Percent difference between normal time— performance sampling 
and normal time—time study 


Figure 3 shows similar information for a sample size of 
50% of that shown in Figure 2. In this case the average 
difference is 6.6% with a high of +14.6% and a low of 
—%.2%. Likewise, Figure 4 shows the results when the 
sample size equals to 25% of the original. In this case the 
average difference is 17.6% with a range of +15.0% and 
—9.6%. 

We have observed in actual practice that some people 
appear to get satisfactory results by using a considerably 
smaller sample size than that recommended. Therefore, 
we have included a 50% and a 25% sample in order to 
compare results. 
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Total 
Operation 
Descs iption tual 
Time Full study 


Experimenta! Group 


Number Percent 


Tota) total Absolute 
Num. @ctual sampling 
time error in 
spent Pm at 

con 
meas fidence 
ured level 
work 


Percent 
ot meas 
Com + mond Min- ber of 
pany utes obser 
ver 
lorming 
the op 
eration 


‘a 
tions 


Mechanical 13,650 720 
Subas 
sembly 

Electrical 
Subas- 
sembly 

Cutting 

Notehing 

Cutting 

(utting 
Bandsaw 

Hand Nail 
ina 

Machine 766 
Nailing 

Typing In 5,580 458° 

noes 

Packaging 9,660 508 

Assembly 72 649 

Drill Sheet 2,646 540 
Metal 

Drill, Bore 1.600 300 
Kean 


1s 


Ratio-Delay Analysis 


Percent 
of total Absolute 
Total 


TAB 
Pe rformance San p 


ri ne >t ady 
30° Sub-samplin sampling 


11) 12 13 5 16 17 


Percent 

of total Absolute 
actual Sampling 
time error 
spent In Pp, at 
on 95°) con 

meas vations meas fidence 
ured Phe: ured level 

trolled 


Percent 
ot meas 
ured 
work 
time 
operator 


Peicent 
actual sampling om 
tume 
spent 
on 

operator dt 


minutes 
con- 


per unit 
trolled 


Po 


0.0424 
0.0627 
0.0346 


0.0408 


100 


loo 


‘4.1 18.0 


| time was obtained from an established time standard rather than a concurrent time study. 


btain the desired 600 observations 


Explanator y Guide to Table 1 


Column 1! Comp nv Code 


Companies are identified by code letter to maintain their 


anonymity 


Column 2—Study Number 


Studies are numbered beginning with No. 1 for each company 


Column 3-—Number of Operators Simultaneously Performing the 
Operation 


In certain instances more than one operator wis engaged in 
performing the same operation. In such cases all operators were 
included in the experimental gr up The production of each opera 
tor was individually tabulated. In each case the operation was a 
one operator task—-not group work 

Example: For Company A 


there were 10 emplovees, in 


dividually measured, performing the operation selected for study 


Column 4—Operation Deseription 


A brief indication as to the type of operation studied is pre 
sented 


Erample: Mechanical Sub-assembly 


Column 5—Total Actual Time 


This is the total cumulative clock time spent on the selected 


operation by the experimental group during the period covered by 
the study 
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Example: 13,650 minutes were spent on the operation by the 10 
p } 


employees of Company A while the study was being made 


Column 6—Total Number of Observations 


The total number of observations taken in the course of the 
study. This includes measured work (i.e., elements of the opera 
tion which are included in the normal time), unmeasured work 
i.e., productive work which was not included in the normal time 
unavoidable delays and avoidable delays 


Example: 720 observations were taken during the study 


Column 7—Percent of Total Actual Time Spent on Measured Work 


This represents the ratio of the measured work time (i.e., time 
during which elements of the operation which are included in 
normal time are being performed) to the actual time. The quantity 
is determined in accordance with conventional ratio-delay prac- 
tice. Thus, the percent of actual time spent on measured work is 
determined by dividing the number of measured work observations 
Column 21) by the total number of observations (Column 6 


Example Where 


Column 21 percent of actual time 
, Column 6 spent on 


work 


measured 


— number of measured 
= 0.987 = 
Ww work observations 


total number of ob 


servations 
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Performance Sampling Study 


Full study 


50% Sub-sampling 


25% Sub-sampling 
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umn &8—Absolute sampling error in p,, at 95% confidence level. 


The absolute sampling error is +1.96 times the standard devia- 
tion of the sample percentage. This represents the range about the 
observed percentage within which the population percentage can 
be expected to lie 95 out of 100 times. 1.96 and —1.96 are the 0.975 
and 0.025 fractile values of the cumulative frequency distribution 
of the standardized normal variable. 
Example 
+ 1.965 


Where: 
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e= = standard deviation of 


Pm 
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percent of actual time 
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work 
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Column 


Percent of Measured Work Time Which is Operator 
Controlled 

This is the ratio of ‘measured work time—operator controlled” 
to the measured work time. This quantity is similarly determined 
by inalysis. Accordingly 


ratio-delay the percent of measured 


work time which is operator controlled is estimated by dividing 
the number of measured work-operator controlled observations 
Vor 


ember 


ember 


the number of measured work observations (Column 21) 
‘Measured work time-operator controlled” is that time during 


which those elements which are included in the normal time, and 


by 


operator controlled, are being performed. Operator controlled 
elements are considered to be that portion of the total operation 


which can be influenced by the employee’s skill and effort 


Where: 
Po = percent 


Example: 


Ne of measured 


F work which 
operator controlled 


of 


operator 


Nn time Is 


number measured 
work 
trolled observations 
of 


work observations 


1.00 = 100% 


number measured 


Columns 10 through 13 


These columns are computed in the same manner as Columns 6 
through 9. The only difference ix that the data used are based 
upon a 50% systematic sub-sampling of the original complete 
study 


. 


Columns 14 through 17 


These columns are computed in the same manner as Columns 6 


through 9. The only difference ix that the figures used are based 


upon a 25% systematic sub-sampling of the original complete 


study 
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Column 18—Total Units Produced 


The setual total number of units produced by the participating 
operator or group of operators during the period covered by the 
study 

Example: The 10 operators of Company A produced 16,314 
units (sub-assemblies) during the test period 


Column 19-—Norma!l Time—Time Study 


The time required under standard conditions to perform the 
measured work at a normal pace but excluding any allowances 
This normal time in minutes per unit was established by time 
study. In some instances the normal time was determined by time 
studies made by the same engineer who made the performance 
- ampling ind in other cases the normal time was obtained 
from data ivailable 

Erample: 1.00 minutes per unit is the normal time for the opera 
tion studied at oOMmpany \ 


Column 20-—Performance Index—Time Study 

The performance index from time study is determined by di 
viding the earned normal minutes by the measured work time 
fh minutes and expressing the result as a percentage. The earned 
normal minutes are the product of the total units produced 
Column 18) and the normal time from time study (Column 19 
Measured work time is the percent of actual time spent on meas 


Column 7 


multiplied by the total actual time 


Column 18)(Column 19 


x 100 
Column 7)(Column 5 


163 14)(1.00 
ce Index x 100 = 1216 


13650 


f Measured Work Observations 


number of observations in which the 


peration was an element included in the 


(20 observations made during the Company 


read vork 


Index — Performance Sampling 


nithmetic mean of the performance ratings 
rriscle observed state of the operation was measured 


work recorded on the data sheet, ‘‘measured 


work machit ntrolled observations were added to the 
operator pertorm ratings as 100 performance observations 
Measured we controlled ms the portion of the operation 
included int te time, which is mechanically paced so that it 


cannot be he operator's skill and effort 


sum of the individual performance ratings 


Column 21 


Performance Index = 


Column #3-——-Absolute Sampling Error in Performance Index from 


Performance Sampling at 95% Confidence Level 


This quantits represents the range about the sample mean 


* Sum of individual performance ratings are obtained from the 
orginal data sheets 
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performance index which will include the population mean per 
formance index 95 out of 100 times in the long run. The equation 
for computing this quantity is given by: 


Example : Where: 


8 d = absolute sampling error 


in performance index 
sample standard devia 


tion of performance 


number of measured 
work observations 
level of statistical sig 
nificance (1 a is the 


confidence lev el 


Column 24—Normal Time— Performance Sampling 


This normal time is the product of the average performance 
index (performance index, Column 22 multiplied by the selected 
time. The selected time is determined by dividing the measured 
work time (i.e., percent of actual time spent on measured work 
Column 7, multiplied by the total actual time Column 5) by the 
total units produced (Column 18 


Example 


Column 7)(Column 5 Column 22 


normal time = 
Column 18 100 


0.987) (13650 123.6 


normal time = x 
16314 100 


normal time = 1.02 minutes per unit 
Column 25—Absolute Difference Between Normal Time—Pet 
formance Sampling and Normal Time—Time Study 


As the name implies this quantity is the algebraic difference 
between Columns 24 and 19 
Example: Column 24 


Column 19 = 1.02 — 1.00 = 0.02 minutes 


per unit 


Column 26—Percent Difference Between Normal Time —Perform 


anee Sampling and Normal Time—Time Study 

This quantity is the algebraic difference between Columns 24 
ind 19, as given by Column 25, divided by Column 19 and expressed 
as 4 percentage 


Column 25 0.02 


Ersample K 100 = 20% 


Column 19 Loo 


Columns 27 through 32 


These columns are computed in the same manner as Columns 
21 through 26. The only difference is that the data used are based 
upon a 50% systematic sub-sampling of the original complete 
study 


Columns 33 through 38 


These columns are computed in the same manner as Columns 21 
through 26. The only difference is that the data used are based 


co 


upon a 25% systematic sub-sampling of the original complet: 


study 


Vovember-Decembe 1955 


12.3 
| 
ured 
Column 5 
N 
e press the total 
stud 
Erampl 
Performance Index = 
= 123.6 
711 
\ 


(Conclusions 


1. Work sampling will give time standards for repetitive 
standardized manual tasks which are substantially the 
same as standards obtained by time study. 


2. For an activity where a production count is not easy 


to obtain, such as indirect labor operations, it is possible 


to obtain an average performance index of the operator 
studied during the period studied using performance 
sampling. 

3. The measurements mentioned above can be made 
with a pre-assigned degree of reliability. 

4. In many instances work can be measured by sampling 
in less time and at less cost than is required by time 
study. 

5. In work sampling the observer makes an instantane- 
ous check of the operator’s performance at random inter- 
vals during the working day, thus making prolonged time 
studies unnecessary. 

6. No stop watch or other timing device is needed for 
work sampling studies. 

7. Work sampling studies may be taken over a period 
of days or weeks, thus decreasing the chance of day-to-day 
or week-to-week variation affecting the results. 

8. This type of study may be interrupted at any time 
without affecting the results. 

%. Even in a plant where methods are not standardized 
and job descriptions are nonexistent, an average per- 
formance index by operator or by department can be ob- 
tained. Such data could show standard hours of productive 
work, average performance index, idle time and delays, 
and a breakdown of the various reasons for the non- 
productive time. 


Appendix 


Development of Statistical Relationships Directly Applicable 
lo Performance Sampling 


The definition of symbols used in the subsequent discus- 
sion are given below ° 


level of significance 

confidence level 

relative kurtosis of the distribution 

variation between the population mean and the sample 
mean 

ibsolute sampling error in p,,, the percent of actual time 
spent on measured work 

ength of the class intervals of the grouped frequency 
distribution 

total number of observations 

number of measured work observations 

number of measured work observations which are 
operator controlled 

percent of actual time spent on measured work 

percent of measured work time which is operator con 
trolled 

sample standard deviation of performance indices 

population standard deviation of performance indices 

tandard deviation of the distribution of sample stand 
ird deviations 


standard deviation of the distribution of sample means 
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‘* moment about the assumed calculation mean, 


=1,2,3 and 4 
= second moment about the actual sample mean 
= fourth moment about the actual sample mean 
= sample mean of performance indices 
= population mean of performance indices 


Total Actual Time: Total work period in minutes covered by the 
study minus scheduled rest periods and lunch periods. 

Measured Work: Elements of the Operation which are included 
in the normal time. 

Measured Work—Operator Controlled: That portion of the total 
measured work which can be affected by the employee's skill 
and effort. 

Veasured Work— Machine Controlled: That portion of the measured 
work whichis mechanically paced (such as power feed and 
speed) so that it cannot be influenced by the operator's skill 
and effort 

Normal Time: The time required under standard conditions to 
perform the measured work at a normal pace exeluding any 
allowances 

Performance Index: For the purposes of this study, the quotient 
found by dividing the earned normal minutes (normal time per 
piece multiplied by the total number of pieces produced) by the 
measured work time in minutes. The measured work time is 
determined by multiplying the total actual clock time by the 
percent of the total actual time spent on measured work 
nmeasured Work: Productive work which is not ineluded in the 
normal time. In most studies only the repetitive elements oc 
curring at least once a evele were included in the normal time 
For example, such elements as inspect work, line trays, record 
production, which oecur only infrequently were omitted from 
the normal time. These exclusions were made to simplify the 
study and to increase the probable accuracy 


The development of relationships applicable to per- 
formance sampling was based upon Tchebycheff’s In- 
equality and the Central Limit Theorem. Tchebycheff’s 
theorem states that, regardless of the mathematical form 
of the distribution function, the area under the distribution 
curve lying farther from the mean than k standard devi- 
ations is always less than 1/k*®. Thus less than 1/k* of the 
sample mean distribution is farther from the population 
mean than k oy. Letting d, the difference between the 
population mean and the sample mean equal the / stand- 


ard deviations, d o,k. Solving for 1/k: 


a; 

Squaring both sides: 

Ris 


kt 


The Central Limit Theorem shows that when the popu- 
lation mean and variance are finite, the sample distribution 
of means approaches normalcy as the sample size increases. 
Unless the population is extremely skewed, or otherwise 
peculiar, sample means are fairly normally distributed for 
relatively small sample sizes. Thus the use of a minimum 
sample size of 100 would seem to justify the applying of 
the normal distribution relationships to the distribution of 
sample means. Normally distributed means vary about the 
population mean with a standard deviation equal to the 


Tue Journat or ENGINEERING 15 


l a = 
3 
id 
p 
7 


Sample Data Sheet From Company A Study 


population standard deviation divided by the square root 


of the sample size or a, . Substituting: 


V Ne 


a 


ty 


If the confidence level 1 
included in the interval between the population mean plus 


a is to equal the total area 


and minus d, the level of significance a, must equal 1/k. 
Substituting: 


Solving for 


me Fa 

An approximate sample size can be obtained by making 
an estimate of o. The sufficiency of a particular sample, 
based upon an estimated o may be tested by computing 
the upper confidence limit of o. If the computed upper 
confidence limit is less than the assumed ¢, the sample size 
was sufficient for the desired accuracy and statistical con- 
fidence. From Tchebycheff’s Inequality, the upper con- 
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fidence limit is given by the expression s + ko,, where the 

desired significance level a = 1 k*. The standard deviation 

of the distribution of sample standard deviations is ap- 

cs [ 8-3} 

proximated by ¢, = wherec = | 1+ — 
V 2n L 


Substituting: 
kes 


upper confidence limit for ¢ = s + —, 
Vv 2nn 


l 
but k = = 


Va’ 


cs 
upper confidence limit for ¢ = s + ———— 
thea a 


Sample Calculations for Company “A” Full Study 


The Daily Summary Table, given below, shows the 
daily and total frequency distributions of performance 
indices taken during the Company A Study. Figure 5 is a 
sample data sheet from Company A. 


Daily Summary 


Performance Index April 1 April 2 April § Total 


100 5 10- 
105 
110 
115 
120 
125 
130 
135 
140 
145 
150 


Measured work observations 


Delay and unmeasured work ob- 
servations 


Total observations 240 240 240 


Computations are greatly facilitated by the use of a 
frequency distribution and expressing deviations from an 
arbitrary origin in terms of the class interval. The following 
table shows such calculations made for the Company A 
Study. 


Performance Index 
r = Class Midpoint 


160 
105 : ~13:% 306 
110 30S 
115 110 
120 : 0 
125 111 
135 2 306 
140 , S16 


November De cembe 


| | PERPORMANCE RATING PACTOR 4 
| | 
te: | B46) | | 
5, 
235 237 239 711 
5 3 9 
720 
d nN. 
Indices a 
+ au am 
2560 
3564 
616 
110 110 
0 0 
976 
2754 
3204 13056 
1955 


145 
150 


Measured work ob- 
servations... ) 14070 


Delay and unmeas- 
ured work obser- 
Vations 


Total observations 720 


1. Moments about computation mean, x = 


au 516 

= = 0.726 
= 
> au 4654 


' = = — = 6.546 
Nn 711 


O70 
= dau = = 19.789 
Teo 


88018 


123.80 
2. Moments about actual sample mean 
Second moment, rive — ri) (57(6.546 — 
(0.726)?) = 150.5 
Fourth moment, = — + (wits 3v1) 
(5)*(123.80 — 4(0.726)(19.789) + 6(0.726)? 
6.546) — 3(0.726)*) 
53500 
3. Check of the adequacy of the sample size 
a. Upper confidence limit for o. 
938500 


2.36 


V V 1505 
for level of significance, ¢ 
upper confidence limit for ¢ 
upper confidence limit for 2.27 
(0.835) (12.27) 
V 2(711)(0.05) 
b. The sample size was based upon ratio-delay re- 


16.1 


quirements. In order to check the adequacy of 
sample size in terms of performance sampling, the 
population standard deviation corresponding to 
the desired accuracy and statistical confidence is 
taken as the “assumed” ¢. Assumed value of ¢ 
for level of significance a 0.05, and maximum 
desired variation between sample and population 
dV 5V711(0.05) 


means, d 
208 

c. Since assumed o of 29.8 is greater than upper con- 
fidence limit of 16.1, the sample size was sufficient 
for the desired accuracy and statistical con- 
fidence. 


ember. December, 1955 


4. Percent of total actual time spent on measured work 


n 711 
= "= = 0.987 = 98.7% 
5. Absolute sampling error in p,, at 95% confidence 


level 


/Dm| — pa) 


n 


e= 


/O0.987(1 — 0.987) 


= +0008 = +0.8% 
720 


= +1.96 \ 
Measured work time 
Measured work time = p,, (Total Actual Time) 
Measured work time = 0.987(13650) = 13473 
minutes 
. Performance index—time study 


Performance Index 


7 (normal time) (production) x 100 
(measured work time) 


Performance Index 


1.00(minutes unit) 16314 (units) 
100 = 121.6 
13473(minutes) x 


. Performance index— performance sampling 
Performance index = x» + iv, = 120 + 5(0.726) 
123.6 
. Absolute sampling error in performance index— per- 
formance sampling at 95% confidence level. 


8 12.3(See 3 above) 
a=+t = = +2. 
V tim V (711)(0.05) 


Normal time—performance sampling 


. ; (measured work time) 
Normal time 
(production) 


performance index-performance sampling 
100 


13473 (minutes) 123.6 


Normal time = 
16314(units) 100 


= 1.02 minutes unit 
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(Queueing Theory in Organization Design 


By D. G. Malcolm 


Operations Research Office, Johns Hopkins University, Cheey Chase, Maryland 


Problems of “interference,” or “queueing” as the sub- 
ject is becoming more popularly known, have been recog- 
nized by industrial engineers [1, 2] in determining the opti- 
mum number of machines ete. to be tended or repaired 
by an individual operator. However, in the references 
cited, development has been made for a single operator, or 
workman, tending a variable number of machines and, 
therefore, lacks the generality required for investigation 
of more optimal work assignment procedures which involve 
the possibility of a group of workers being assigned to a 
group of machines, or work stations. 

To provide the theoretical background for this general 
type of problem which has many implications in organiza- 
tional design, a portion of mathematical probability 
theory known as stochastic processes must be employed. 
The purpose of this paper may therefore be stated as being 
threefold: 

(1) A Queueing Model: to present the more general 
mathematical model, or equations, required in such 
analyses. This will be referred to as a “stochastic process” 
or queueing model. The term “waiting line” analysis is 
also descriptive of the same problem. Monte Carlo methods 
are also useful in this type of problem and should be 
seriously considered as an alternate, often more economi- 
cal, method. 

(2) keonomie Decision Criteria: to demonstrate a way 
in which results derived from the queueing model may be 
employed in determining the most economic work as- 
signments. 

(3) Application to Organization Design: to present and 
discuss an application of these methods to a problem in 
designing the organization for a production department 
engaged in engine testing. 


Problem 


To fulfill objectives (1) and (2) listed above let us state 
a problem which we may explore: 

There exists a number of machines which require random 
emergency service or maintenance, known to occur at 
some average rate, Le. with a Servicing Factor \/u of 
known value. It is our problem to determine the optimum 
number of repairmen which should be assigned to this job 
and specify the most economical size of group (s) mn which 
they should work. The queueing theory approach will be 
used, 


Adapted from a paper delivered at the Informal Seminar in 
Operations Research, The Johns Hopkins University, Baltimore, 
Marviand, February 23, 1955 
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Symbols 


Before proceeding into the method, a few words concern- 
ing queueing problems and the terms or symbols used are 
in order. For our purposes, queueing problems may be 
characterized by the following factors: (A) Semething to 
be Serviced: this may be customers in a restaurant, air- 
planes waiting to land, or, as in our problem a number of 
machines requiring maintenance. (B) An Arrival Rate: 
how often do customers arrive? how often does a machine 
“arrive” for repair? or how long does the machine run 
between breakdowns? what are the frequency distributions 
of the above? (C) A Servicing Rate: what time is required 
to perform the requested service? what is the frequency 
distribution of these times? (D) A Number of Servicing 
Units: how many waitresses are employed? how many 
runways at the airport? how many repairmen? 

The symbols which will be used are listed here 
for reference: 

m = total number of machines which are involved 

r number of repairmen 

P,, = Probability that n of the m machines require service 
at a given time 

P, = Probability that none (0) of the m machines require 
service at a given time 

1» = Expected Service Time: i.e., the mean of the dis- 
tribution of actual service times (or the reciprocal 
of the servicing rate yp) 

1 \ = Expected Running Time: i.e., the mean of the 
distribution of actual running times (or the 
reciprocal of the arrival rate \) 

\ uw = Servicing Factor: the ratio of the Expected Service 
Time to the Expected Running Time 

R = Expected number of m machines running at any 

given time as determined from the Queueing 
model 

S = Expected number of the m machines being serviced 

at any given time (from Queueing model) 

W = Expected number of the m machines waiting for 

service at any given time (from Queueing model) 
At any given time Rk + S + W = m 


Queueing Model 


The objective of this analysis is to calculate the prob- 
ability of occurrence for each possible combination of 
machines that might require service at a given time. These 
combinations of 0, 1...m machines requiring service 
simultaneously are referred to as the “states” of the 
system. Then, by weighted addition of the probabilities 
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of those ‘states’? in which waiting or interference can 
cecur (those states where all the repairmen are already 
working), the total expected number of machines waiting 
W can be computed. From this, as will be demonstrated, 
may be computed the expected (Average) percent Running 
Time that the given system of machines and repairmen 
should achieve. This is our first objective. 

The following equations have been developed as an ex- 
tension of the work of C. Palm [4] as reported by Feller (3). 
They result from the solution of steady-state difference 
equations which describe the sum of probabilities of the 
various possible ways a given number of machines may 
require service at a given time? 

— whereO <n <r _ Eq. (1) 
P 


Pp, 
where n> r 
P, — n)! 


Use of these equations (1, 2) will be made by reference 


Eq. (2) 


to Table | which gives us estimates of the Expected number 
of machines that might be observed Running, being 
Serviced or Waiting Service at a given time. It should be 
pointed out that variations from these values are to be 
expected; these values, in one sense, represent the average 
of many observations. Equation (3) indicates the relation- 
ship of these expected values and how they may be 
computed 
Machines Running + Machines being Serviced 
+ Machines Waiting = m 
Ss 
Ww 


(m — n)P, 


Eq. (3) 
It will be noted that the summation for S is equal to 
(\/u) times the summation for R. Therefore. 
R + + W =m 
The expected number of machines Running is 


m W 

1 + (\/p) 
and expressed as a percent of m, the total number of 
machines 


@ Machine Running Time = W/m) Eq. (4) 


1 + (A/p) 


* The reader is encouraged to read the development by Feller 
and Palm for the basic assumptions made in setting up and solving 
the difference equations. The assumptions made in the derivations 
put certain requirements upon the distributions of the running and 
service times in order that the equations are applicable. These 
assumptions are important and will be discussed later in 
the article 
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TABLE 1 


Sum of Probabilities 


(Various Combinations of Machines Requiring Service At 
a Given Time) 


1 3 
Machines 
Requiring 
Service* 

n 


Machines Machines 
Being Waiting 
Serviced Service® 


XXXX 


1.000 
P,P, 


* Note there are m + 1 possible ‘states’? (combinations of 
machines running or being down for service). 

» Repairmen are assigned to machines requiring service until 
all repairmen are used 

*Whenn = r + 1a “state” occurs wherein one machine will 
not be readily serviced: it must ‘‘wait.”’ In this paper the proba 
bilities of r + 1 and greater numbers of machines requiring serv 
ice are of most interest 

* To arrive at the immediate objective (the values of P,,) it is 
necessary to solve first for the ratio P,/P, since P, is unknown 
Consequently, the appropriate Equation (1 or 2) is solved for all 
values of n; the values are entered in the column (4) and the sum 
of this column is taken. 

* The sum of all probabilities for all the possible states is by 


P. 1 
definition equal to 1 (>>P. = 1) consequently p — 


and P, is determined. 
‘ From this, individual P, are computed by multiplying the 
value in the column (4) by P., giving the probability for any 
given number of machines requiring service at a given time 


For those not familiar with the notation in Equation (3) 
it should be pointed out that the notation indicates that 
W is obtained by multiplying the value in column (3) of 
Table 1 by the corresponding value in column (5) and 
summing these products. 


Assumptions Involved in Basic Equations 


It seems appropriate to include a short discussion of 
the basic assumptions involved in developing Equations 
(i, 2). 

The probability that a machine (which is running) 
breaks down in a small interval of time, h, is Ahk; when 
being serviced, the probability that it will return to the 
running state in an interval A is wh. Another statement in 
the development is that A, = (m — n)di.e., the probability 
of a breakdown from a number of machines is proportional 
to the number of machines running. 

When dealing with any given system it is important 
that the assumptions are warranted. Tests of data col- 
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Pad 
0 0 0 1.000 XXX 
l l 0 XXXX XXX 
2 2 0 XXXX XXX 
3 XXXX 
r 0 
r ] 
r 2 
+ 
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lected will show the distribution of individual service times 
and running times. If these are found to be of the Poisson- 
type distribution, use of the equations is warranted. 

Even if the above is not shown, the equations will give 
satisfactory results when it is demonstrated that the 
number of machines requiring service at a given time is 
distributed similar to the distribution theoretically ob- 
tained (such as values in Table 1). Simple work-sampling 
studies may be used to demonstrate these attributes of 
the machines involved. 

One can conceive of situations in which these assump- 
tions would not hold, e.g. suppose we have 10 machines, 
each one of which runs exactly 9 hours before breaking 
down and then requires exactly 1 hour of service time. In 
this situation, after a short time, we would have one 
machine breaking down every hour. However, if in this 
situation the Running Time were not constant but Varied 
with a standard deviation, og, as great as one hour, then 
the assumptions above would hold. This follows from the 
unpublished work of C. E. Clark of the Operations Re- 
search Office. More generally he has shown that if break- 
downs are periodic, but the Running Times vary with a 
standard deviation, og > 14 (the Expected Service Time) 
that the Poisson process adequately approximates the 
situation. When such is the case the equations are ap- 
plicable. 

Jones indicates that a mix of machines with slightly 
different (A uw) introduces an insignificant error [1]. How- 
ever, the effect of this has not been determined analytically. 

At this point, we shall introduce the results of a series 
of calculations for Pereent Machine Running Time for 
different values of m, (\ uw) and r.2 Tables 2 and 3 show the 
results of these calculations, each point in these tables 
involving setting up a table equivalent to Table 1 and by 
using the same procedure for calculation. 

These data have been plotted in Figures 1 and 2, re- 
spectively, and permit a much better insight to the nature 
of the problem facing us. It is noted that the curves fall 
off quite rapidly when r becomes less than (A/)-m and 
that each repairman added produces a smaller increase in 


TABLE 2 
Erpe ted Percent Vac hine R anning Time 
1 =. 
h/p Servicing Factor 
Number Re 
os 1 
Os 85.77 
01 04.38 4.15 
99.01 95.18 89.90 82.64 
99.01 95 .24 90 S80 86.08 
5 99.01 05.24 00.89 86.78 
0) 95.24 90.91 86.93 


? More inclusive Tables of Expected Percent Machine Running 
included at the end of the 
irticle The ituthor is indebted to J 


Time have been calculated and are 
Fernandez for his as#ist 
ince in compiling these tables ’ 
1955 


Vovembe Deo ember 


100 


EXPECTED % MACHINES RUNNING 


Fig, 


Number of Repairmen 


EXPECTED % MACHINES RUNNING 


= / 
/ / 
/ / 
/ / m = 20 machines 
| 
| 
0 1 2 3 4 5 6 7 
r= NO. OF REPAIRMEN 
1. Expected % of Machines Running vs No, Repairmen 
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m = 20; various values of \/u 


TABLE 3 
Expected Percent Machine Running Time 


(m = 30) 


= Servicing Factor 


Oo os 1 
OS 64 
2 98 .99 92.62 
3 99.01 94.92 85.04 
4 99.01 95.24 89 25 
5 95 .24 90.69 
6 S87 
7 00.91 
0 
| 
¥ m= machines 
| 


1 2 3 4 
r= OF REPAIRMEN 


= 


w 
oa 


2. Expected % Machines Running vs No. Repairmen 


m = 30; various values of \/p 
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efficiency of the system (as measured by the percent of 
Machine Running Time). It is suggested that at some 
point the man added will cost more in wages than the 
increase in machine running time is worth. This leads to 
our second objective: to present Economic Decision 
Criteria 

However, before turning to this discussion, Figures 1 
and 2 contain another item of interest, namely that there 
are two ways to increase the percent Running Time. 
These are, of course, by adding more men for servicing, or 
by some redesign of the machine to give it a lower Servicing 
Factor. 

It should be pointed out that this servicing might indeed 
be the case of machine-loading instead of maintenance 
(as the term is herein discussed). In this situation the 
curves provide a dramatic picture of the effect of more 
automatic design. When viewed in this manner more com- 
piete data are provided in evaluating the economies of a 
technological advance versus manpower efficiently used. 


Economic Decision Criteria 


Many cost equations could be proposed to evaluate the 
effect of added system efficiency versus manpower costs. 
The following is offered only for the purposes of showing 
the basis for a method for arriving at a decision concerning 
the least cost crew size. 

If it is assumed that we are willing to make a decision 
on the basis of the number of men which will be needed 
for the least cost ‘machine-hour, and that machines not 
running represent a loss, we can develop a .Decision 
Equation: 


Cost) machine-hr 


Ra 


m 


+ Ry(l % Machine Running Time) Eq. (5 
where R, Rate, Hour for the repairmen. It is assumed 
that no other work is assigned during idle time; 
$2.00 hour will be used throughout 
Rv Rate Hour for machine time: An accounting 
figure which may be thought of as some sensible portion 
of the sales dollar each hour of machine-running pro- 
duces. It is a relative figure which need not be defined 
too rigorously here. Rather we shall treat several values, 
ranging trom S2.00 to SS.00 
(1 Percent Running Time): Loss imposed by our par- 
ticular system of m, rand A yu 
We now have an expression that represents the cost of 
standby help and a cost of a loss of not utilizing our equip- 


ment 100 percent. Next, the percent Running Times 


shown in Tables 2 and 3 are substituted into this expres- 


sion and Costs Machine-Hour for various values of Ry 
are determined. These data are presented in Tables 4 
and 5. 

Examination of these tables discloses interesting and 


valuable information concerning the manner in which the 
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costs /machine-hour vary. In Table 4, for each Ry chosen 
the use of three repairmen provides a least cost solution. 
When labor and machine costs are equal (Ry = $2.00; 
Ry = $2.00) the problem of machines waiting for service 
becomes less important. (Figure 3 is a graphic representa- 
tion of the data in Table 4.) 


TABLE 4 


Costs for System 


= 2). = ') 


Cost,/Machine hr ($ 


Repairmen 


TABLE 5 


Costs for System 


Cost/ Machine hr ($ 
Ru = 2.00 2.00 


Ru = 


COST/MACHINE HR—DOLLARS 


Ry of Repairmen = $2.00 


m= 


1 2 3 
r= NO. OF REPAIRMEN 


Fig. 3. Cost/Machine-Hr. vs No. Repairmen 


Vovember - De 


- 2.00 6 00 
R 6.00 20 
2 1.46 115 83 51 
3 1.11 91 70 
1.14 06 77 5S 
5 1.23 1.05 SO 6S 
A 
m= 30: -= ') 
r 20 
8.00 6.00 2.00 
3 1.32 1.04 76 4s 
1.14 91 70 is 
5 1.08 71 
6 1.13 95 77 5s 
7 1.19 1.01 SS 65 
1.26 1.07 71 
1.50 }- 
| R,, = $8.00 | 
| 6.00 
1.00 
| 


For a given system of machines it is possible to arrive 
at criteria for determining the most economical number of 
workmen to assign to the group. Also if a safety factor is 
desired, an approximation of this cost can be made by 
merely looking at the cost for one additional serviceman. 
However, when this is done it should be remembered that 
greater idle-man time will result and should be expected.‘ 

Comparing the minimum cost solutions found in Tables 
tand 5for Ry $8.00 it can be seen that the addition of 
two men to the crew—raising the number from 3 to 5 
reduces the minimum servicing cost that may be realized 
from $1.11 to $1.08 machine-hour. 

This fact leads to an important implication. It suggests 
that, other conditions being equivalent® savings may be 
achieved by organizing, where possible, larger groups re- 
sponsible for a greater number of machines. In order to 
give a more comprehensive picture of the minimum cost 
solution varying with the size of the group of machines, 
Table 6 has been compiled and presented graphically as 
Figure 4 

To illustrate this point, in a situation where there are 40 
machines and the decision to be made involves whether, 
(a) it would be better to assign 2 men to each of 4 groups 
of 10 machines; or (b) assign 6 men to the entire 40 ma- 
chines. Looking in Table 6 the reader can see that both the 
2-men and 6-men groups are minimum cost solutions for 
the machine group size. Further, solution (a) would require 
S men at a total cost of $48.06 hour; solution (b) requires 
only 6 men and a total cost of $42.00/hour. In this case 
the Expected Percent Running Time is increased from 
90.0% to 90.65%. 

The effect of the factors in footnote 5 should be evalu- 
ated before accepting these results. If these factors bear 
a direct relationship to the size of the machine group m, 
it is possible that Figure 4 could be adjusted to show the 
effect of such costs incurred in larger groups. This would 
indicate that some optimum group size exists and might be 
determined, since such costs would tend to increase as a 
function of m. 

In summation, substantial economies may be found to 
exist by organizing in larger group sizes and the practice 


The average amount of idle time (for repairmen) which should 


result may also be ealeulated from the data in Table 1 by the 


. 


following 


= Expected Number of Repairmen Idle at any given time. 


This result. when divided by r—gives the Percent Idle Time 
Expected for each repairman. These values are generally con 
siderably higher for minimum cost solutions than “‘common sense.’ 
may lead one to believe 

* Specifically that 1) Longer distances of travel by the re- 
pairmen are not involved, or do not cause a significant change in 
the servicing rate; (b) Communications are equivalent; (¢) Morale 
of larger groups is equivalent 

To the extent that these conditions are met, it is apparent that 
further savings are possible through reduced supervisory effort 


TABLE 6 


Minimum Cost Solutions 


(various Numbers of Machines, m:- = .1; = 


Machines Expected Running 
Time, % 
r 
10 1.20 2 90.00 
“20 1.11 3 89.90 
30 1.08 5 90.68 
40 1.05 6 00.65 
OD 1.08 90.61 
60 1.02 90.59 
70 1.01 WO 
1.005 10 90.55 
90 1.000 90.54 
100 12 90.53 
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Fic. 4. Minimum Cost/Machine Hr. for Varying Size Groups 
of Machines 


of assigning an optimum number of machines to a single 
operator might well be analyzed in the light of this dis- 
cussion. Figure 4 gives an excellent indication of the 
magnitude of costs of such practice. In this regard it should 
be emphasized that while the example chosen to illustrate 
the method was one of maintenance repair, the method of 
analysis is applicable to many other types of work situa- 
tions, one which will now be discussed. 


Application to Organization Design 


The objective of this section will be to demonstrate how 
the application of the methods discussed previously would 
be of assistance in evaluating different ways of organizing 
a work force in a company. To do this, it will be necessary 
to go back a few years and trace chronologically the 
changes actually made in developing an organization to its 
final form. The reader is warned that this example has been 
considerably modified at the request of the company 
involved. 
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TABLE 7 


History of Organizational Changes 


Elapsed Time 
Organization 
In Effect 


years 


Organization 
Method of Organization 


Test Cells 


Functional 


‘Trew 


( 
Crew 
( 


‘rew 
Crew 
Functional! 
Functional 


TYPICAL ORGANIZATION ON CREW BASIS 


UNITS 49-52 DEPICT 
TYPICAL ORGANIZATIONAL 
unit 


CREW FUNCTIONS (7 MEN) 


in 
A~ INSTALL, REMOVE 
8 - OPERATION 
UNITS FOR TEST C SERVICE & MAINTENANCE 


5. Typical Organization on Crew Basis 


Figure 5 depicts the layout of an engine-testing depart- 
ment. Individual units of work in this department may be 
imagined as beginning at the float of incoming engines 
shown and ending when the engine has completed its test 
and has been placed in the OUT float shown. The essential 
(a) Installation, Removal: 
engines are transported from the IN float and installed 


tasks in this department are 


on one of the 64 test blocks shown. Upon completion of a 
prescribed test, the engine must be removed and returned 
to the OUT float. Two men are required in a crew for this 
task. (b) Operation: Tests of varying length are prescribed 
for the engines. A test operator runs the engine during 
these tests and records pertinent data concerning their 
performance. (¢) Service and Maintenance: occasional! 
failures or need for adjustment occur during testing, spe- 
cialized help is needed for this task. 

During a period of three years arguments centered 
around whether a functional organization or a crew or- 
ganization could best discharge these tasks. Another 


pertinent question coneerned how many men were needed 
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Number 


INDUSTRIAL 


Supervision Total Cell Running Time, ‘ 
Employees - 


Actual Theoretica! 


Position 


Chief Oper. 

Chief Installer 

Chief Mechanic 
Foreman, each (16 cells) 
Foreman, each (16 cells 
Foreman 


Foreman 
Foreman 
Prod. Control 


for either task. The functional method may be defined 
as organizing the work force by the three tasks, with a 
foreman or chief over each of these three functions; he 
makes assignments to cells where needed. The crew or- 
ganization is made up of individuals whe presumably are 
capable of doing all three required tasks. Each crew was 
to be given 4 stands (such as 49-52 in Figure 5) for which 
they were responsible for all work. As the reader can well 
imagine there are a lot of pros and cons for either approach 
and it will not be to our interest to attempt a detailed 
discussion. However, it is of interest to us to know of the 
history and timing of the decisions that were made. 

Table 7 attempts to list the major aspects of interest in 
these decisions. In 3 years a full cyele from functional 
to crew to functional method of organization occurred 
with a considerable reduction in manpower required. 
Arguments which initiated the Crew Basis (Step B) cen- 
tered around better morale, better training for fairly high 
turnover being experienced, and hoped-for reductions in 
manpower by eliminating the time lags of each Functional 
Chief in dispatching his men. This dispatching was all 
done by leg work on the part of each chief. 

As time went on, it became evident that there was much 
idle-man time; consequently, changes to Steps C and D 
were made in the interests of economy. However, as soon as 
Step D was made it became obvious that “‘interference”’ 
occurred frequently in a group of 4 cells when 2 or more 
engines finished a test at about the same time. This was a 
serious factor and could only be accommodated by each 
foreman considering all 16 of his test cells as one large crew. 
This had the effect of reducing the motivation caused by 
crew competition. 

This led gradually to a trend towards having some of 
the men specialize in one or another of the functions until 
Step F was essentially in effect. When the impact of this 
evolution was realized and studied by line management, 
it was decided to centralize the dispatching of crews into 
one office, to install a board showing the status of each cell 
in the office, and finally to install telephones to each group 
of 2 cells to provide instantaneous communication. Thus, 
individuals of any one task category would be given as- 
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TABLE 8 TABLE ll 
Expected % Units Running Expected % Units Running 
= Ol = .15 


No. of Repair No. of Units to be Serviced 


Units 


70 80 


98 .8198.64.98.5 98.1897.81 97.27 96.44/95. 
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m = No. of Units to be Serviced 


| No, of Repair 
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TABLE 9 
Expected % Units Running 86.54 85. 62/83. 43 
05 85.54 
86.95 86. 80 86. 60/86. 16/84. 04 
No. of 06 86. 0586.93 86.84 96.57/85. 00 
Repair of Units to be Serviced 86.06 86.05 
Units 86. 06188. 08 
86.06 
86.06 
86.96 86.06 86. 95.56.03 
86.96 86. 96/86. 96 
86.06 
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2405.24.95.24 
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Expected % Units Running 
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TABLE 10 
Expected % Units Running 


A/u = 10 


Units to be Serviced 
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signments from the central office either in advance or 
would be one-call at a waiting room. This gradually led to 
a work force of only 89 and an increase of about 9 percent 
in test cell utilization—a term analogous to Percent 
tunning Time used earlier in the article. Note that two 
foremen were gradually replaced by a 3-man Production 
Control Staff. This was all done on the basis of letting 
normal turnover effect the reduction and was done with a 
minimum of confusion. 

It is interesting to note that only £6,000-$10,000 was 
spent in making the final change. It is also interesting to 
speculate in regard to what might have been saved in the 
way of manpower costs if the last mode of organization 
could have been agreed upon earlier in the three year 
period described. Counting all costs (telephone, etc.), if 
the decision were made and implemented without lag, to 
have been effective at Step B approximately $366,000 
might have been saved; if the decision were to have been 
made at Step C, $267,500; finally at Step D, approximately 
$53,000. Certainly potentially great savings are possible 
when the time to arrive at such decisions can be materially 
reduced. This leads to speculating on what would have 
happened if an analysis of the basic queueing problem had 
been made at Step A involving the methods described. 

It has been possible to obtain data from the period indi- 
cated. These data permit calculation of estimates for the 
ratios of Task A (Installation-Removal) and Task C 
(Servicing to the Running Time) for each cell (Task B). 
These “servicing-factors” were quite close to .2 and .1 
respectively. Tests of the distributions for the Expected 
‘Times for these Tasks were only partially satisfactory. 
However, with reference to the unpublished work of Clark, 
on Was found to be 1.5 times the | yu for Task A and nearly 
3 times the | yw for Task C. Consequently, use of tables 
included at the end of this paper was deemed appropriate 


Analysis indicated that manpower requirements were as 
follows 


Step G Table 
One 64 Cell pool 


\ Installers 
(Operators 
Mech 


Installers 
‘ perators 


Mechanic 


Total for 4 Groups 


These results do not include the foremen; they show that 
the method of organization decided by the company over a 
three-year period is quite close to that analytically derived 
in a period of time which might be estimated as one man- 
month. 

Reference to Table 7 also shows that organizing the test 
cells in 64 units rather than 16 will give an estimated rise 
in Percent Cell Running Time from 73.02 to 73.63 at the 
same time permitting manpower to be reduced from 96 to 
81 (theoretical) or 96 to 84 (actual). Even when the con- 
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tinuing costs of the telephones, production control clerks 
are included, a saving of $53,000 per year is realizable. 
Cost of installation, of course, must be subtracted from the 
first year operation. 


Conclusions 


While much of this example smacks of hindsight, the 
author is of the opinion that a couple of pertinent points 
may be made: 

(1) An organization which is determined by natural 
evolution involving line management decisions may take 
an exceedingly long time to arrive at its most efficient 
structure. Analysis of the organization in the manner 
herein discussed should materially reduce the time in 
reaching this optimum design. 

(2) In suitable types of organization, the queueing- 
theory approach appears to give a good approximation 
(for at least the example related) and is also of real value 
in obtaining an insight into the way different factors in- 
fluence the efficiency of the system. Study of such problem 
areas by development of appropriate difference equations, 
or by Monte Carlo methods offers a quite fertile field for 
today’s industrial engineer 
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Production scheduling is concerned with assigning given 
jobs to specific machines in a time sequence. Since the 
assignment of jobs is predicated on a knowledge of the 
time to perform various operations, time standards form an 
integral part of the scheduling procedure. Thus, in part, 
the success of a scheduling method will depend upon how 
well the processing times can be predicted. In many in- 
stances, production scheduling is concerned with products 
which have not previously been manufactured, (this is 
common in the job shop). Under these circumstances, 
standard data provides the only available basis for esti- 
mating processing time. Where there are engineering or 
design changes, there is the need for new time estimates. 
In the absence of standard data, these activities must be 
based on experience or guesses. Under some circumstances, 
experience is an adequate measure; however, in order to 
obtain maximum usefulness from mathematical methods 
of production scheduling, it will be necessary to have 
reliable and valid time standards. If the data used for the 
standards are poor, the results of a scheduling procedure 
could be vitiated. The usefulness of standard data has been 
demonstrated by its extended application to industrial 
problems. 

In order to predict manufacturing processing time, 
standards must be reliable and valid. Reliability refers to 
the consistency of the time standards, and validity refers 
to the same absolute effort requirements for a given job 
regardless of where it is performed. The consistency of 
time standards has received considerable attention from 
research workers, but the effort requirements are subject 
to management-worker negotiations rather than work 
measurement experimentation. Thus, a basic standard 
can be defined as one which represents a norm of perform- 
ance rather than actual performance. This norm should be 
attainable by qualified workers during actual working 
periods The norm or basic standard time will not pre- 
cisely predict individual performance time, but the actual 
average time which is spent performing a given task would 
approach the standard in the long run. 

Standard data is a compilation of the actual average 
times for performing particular elements of work. Some 
standard data has been developed synthetically in the 
laboratory by duplication of factory work -requirements. 


Since this latter data is gathered under controlled condi- 
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tions, it can more easily separate the variables under 
consideration. However, a careful comparison of the vari- 
ous available systems of standard data would be desirable 
to ascertain their consistency with one another. 

A basic hypothesis in standard data is that work can be 
subdivided into basic elements which can be recombined 
in any desired sequence. It is assumed that the total time 
to perform a given element is independent of the sequences 
in which it occurs. This has led to a major criticism of 
standard data, namely that it may not be possible to 
treat the elements of motion as independent building 
blocks in order to predict the time to perform a given 
task; that is, that elemental motions are generally de- 
pendent and the usual procedure of treating them as 
independent will give rise to errors in predicting the ex- 
pected time to perform a given sequence. This paper will 
be concerned with a preliminary analysis of standard data 
and the problem of additivity of elements. 

The problem of dependence of motions requires some 
clarification. There are two kinds of dependence. One type 
of dependence refers to the increase or decrease in time to 
perform a given motion depending on what particular mo- 
tion precedes or follows the given motion. The question is, 
are elements of motion independent units which can be 
shifted around at will, or are they closely linked to the 
surrounding motions? If elements of motion are truly inde- 
pendent, they can be added in any desired sequence. This 
leads to the question, are elements of motion as currently 
defined by standard data systems adequately specified so 
that they can be treated as though they were independent? 
This implies that the grouping of motions into categories 
could be done in such a manner that the preceding and 
following motions would be stratified so as to minimize the 
errors due to adding elements. Stratifying or classifying 
always involves an aggregation of information which in 
turn means a loss of information. The appropriateness of 
the groups depends on whether they are homogenous or 
the seriousness of the loss of information and the purpose 
for which the data are to be used. We can think of this in 
terms of what probability or confidence level are we willing 
to accept in considering the classification as describing a 
unique population. The risk of error which we are willing 
to accept depends on the economic cost of differentiating 
one group from another, and the importance of the data, 
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MOTION 


Referring to Figure |, we can graphically see the problem 
of grouping motions. For any given motion “A” there are 
a large number of possible following motions (a, b, c, d, e, 
for example), and the time to complete the combined 


motions (Aa or Ad, ete 


will depend on the particular set. 
This can be extended to include three or more motions. 
The diagram shows that there is a vast number of possible 
motion combinations, Since it is not desirable to enumerate 
all such possible combinations, it is necessary to group 
motions. For example, motion A followed by d or ¢ might 
be considered as one group. The motions following “‘A”’ 
can be stratified into any number of groups. Then we have 
to determine whether these classes or groups are adequate 
for predicting standard times. Fruitful research can be 
undertaken to determine what grouping, if any, will pro- 
vide standard data which will have the property of 
negligible errors when the elemental motions are added 
in any sequence. The errors could be considered negligible 
when the aggregate absolute amount does not exceed two 
or three percent of the final time standard. 

Associated with the problem of grouping or aggregation, 
are the problems of individual differences. Thus, for each 
motion there is a mean or average time which is a param- 
eter of a given population rather than the exact value that 
could be expected from any particular individual’s per- 
formance. There are a number of factors which influence 


the performance time for elemental motions. For example, 


there are differences in physiological capacities, psychologi- 
cal factors such as motivation, learning, etc., and environ- 
mental conditions. Thus, added to the problem of the 
grouping or classifying procedure is the question of the 
suitability of using average time values as the basis for 
establishing standard times for individuals. Presumably, 
selection procedures in industry provide a reasonably 
homogeneous population so that the use of averages is 
suitable. 
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The second type of dependence is a statistical or prob- 
ability dependence. Whereas the first type of dependence 
was concerned with predicting the time for performing 
work depending on which motion preceded and followed, 
statistical dependence is concerned with predicting the 
time for given elements of work based on the time which 
specific individuals take for adjoining elements. Statistical 
dependence in this instance can be measured by the correla- 
tion between successive elements of work for a given in- 
dividual. That is, we might find the average time for per- 
forming a particular motion varies depending on the time 
for the following motion. However, if elemental motions 
are interdependent, an important question is how much 
error will result from predicting the expected performance 
time when the dependence is ignored. The magnitude of 
the error will be a function of the degree of dependence, 
where the dependence refers to the correlation or covari- 
ance among the elements. Where the correlation is low 
(i.e., equal to .1 or .2), it is clear that the assumption of 
independence will lead to a negligible error in prediction 
(less than two or three percent). 

Where elements are statistically independent, it is pos- 
sible to predict the expected value of any given element 
with no knowledge of the others. When elements are cor- 
related, they are dependent in a probability sense, and 
their expected values are related by a mathematical func- 
tion. Further, where chance variables are uncorrelated, 
they may or may not be statistically independent. For a 
norinal distribution, uncorrelated also means statistical 
independence. Statistical independence between variables 
xz and y is defined as the case in which the conditional 
density function f(x | y) does not involve y. Correlation, or 
dependence in the probability sense, can be explained by 
stating that the error in prediction of one of the factors 
will be reduced if the information about the factors is prop- 
erly used. The percent error introduced by ignoring the 
correlation, and the way in which various expected errors 
depend upon the degree of correlation are shown later in 
this paper. 

Statistical dependence is important primarily where one 
desires an estimate of the variability of the expected 
values. As far as the expected values themselves (arith- 
metic means) are concerned, it is a sufficient condition 
(statistically) that the elements be random variables in 
order to predict their mean values accurately; since the 
mean value of a sum of random variables is equal to the 
sum of the mean values of the variables themselves. This 
is true whether or not the variables are statistically de- 
pendent or independent. Thus, if there are three variable 
x, y, and z, and these are random variables, with a joint 
density function f(x, , z), then the expected value of their 
sum E(x + y + z) = E(x) + Ely) + E(z). The signifi- 
cance of this theorem in standard data is that the mean 
time for a motion pattern can be described either as the 
mean time for the entire motion or the sum of the average 
time values for the component elements, as long as these 
elements are random variables. Thus, the problem is: are 
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the elemental motions subdivided in such a manner that 
their time-values are random variables? 

Since this is an important aspect, of the entire problem, 
it would seem worthwhile to discuss this question of 
random variables further. A random variable is a numerical 
values variable defined on a sample space. This concept 
may be associated with physical experiments by showing 
that the outcome of a series of events depends on chance. 
As an example, the number of points on a sample space for 
the tossing of two dies is 36 (considering the x axis as 6 
points and the y axis as the other 6 and the sample space 
us the possible permutation of these two), where the 
random variable x is defined as the sum of the numbers 
appearing on the individual dies when tossed; and where 
this sum assumes values from 2 to 12. A function f(x) which 
gives the probability that a random variable x will have 
any particular value in its range is called the frequency 
function of the random variable x. This definition can be 
extended to more than one variable by a joint frequency 
or density function. This extension is of interest for the 
purpose of analysis of motion patterns since in general 
these are joint density functions. Any particular set of 
numbers may or may not be random depending on the 
manner in which they were generated. Thus, randomness 
is not a property of the numbers but of the process from 
which they were obtained. If numbers come from a process 
which is believed to be random, and the numbers meet 
various tests for randomness, they are considered to be 
random numbers. 

Statistical dependence, or correlation, does not present 
the major difficulty in standard data since dependence 
can be ignored in estimating the mean performance time 
where the standard data elements are defined so that the 
time values are random variables. The important problem 
is the question of the dependence due to stratification. 
This question can only be answered by experimentally 
showing whether the current groupings are satisfactory. 

Where data is available on the correlation between two 
variables it is possible to estimate the errors of prediction. 
These errors can be classified into two groups, those ss- 
sociated with errors in prediction of the performance time, 
and errors in prediction of the variance of the variables. It 
was noted previously that the mean time for the per- 
formance of elements could be predicted providing they 
were random variables. However, it might be desirable to 
obtain a more precise estimate of the performance time 
than the average. That is, knowing that two elements are 
correlated, it is possible to more accurately predict the 
performance time of the second motion providing the 
first is known and the correlation. This increase in the 
accuracy of prediction can be measured as a function of 
the degree of correlation. This would only be applicable 
in individual circumstances where the correlation had 
been estimated from a sample study. Since there is no 
measure of the correlation among elements for all kinds 
of work and for all types of people, this could not be gen- 
eralized beyond saying that, if the correlations were 
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known the following analysis would indicate the error 
which would have been introduced into standard data by 
ignoring the correlation. 

In order to estimate the magnitude of the error involved 
in ignoring correlation (which is essentially what current 
standard data systems do) we should define the total 
error (total variance) as consisting of two parts, the vari- 
ance due to correlation and the variance due to random 
or non-assignable causes. 


If 
= total variance 
= variance due to correlation 
= variance due to random causes 


then 
Oy = Tye 


The correlation coefficient “r’’ is defined as the square root 
of the ratio of the variance due to correlation with the 
total variance 


r= 4/ 
oy 


Another interpretation of “‘r’ 


is the ratio of the square 
root of the covariance of two sets of observations to the 
geometric mean of the separate variances. 

If we have sets of observations x and y, their covariance 
is o.,, and the separate variances are a. and o,; then 


r= 

1 — o., 


then o,, 
o 


the standard error estimate. Thus, o,, can be expressed in 
terms of the total variance a, and the coefficients of cor- 
relation “r’’. If any two of the three parameters are avail- 
able, then the third can be calculated. The factor 1/1 — fr 
is used as a measure of the error of the prediction. The 
efficiency of forecasting is described as 1 — Yl — r 
which indicates how much better the prediction would be 
than a random guess (no knowledge of r) as a function 


If r? = o,V1 — r, which is called 


0 


2 2 2 
For example, knowing that 4, = o, + o,,, and given 
2 2 2 
that o,. = o,, there would be no random error o,, and r 
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would 1.00, then | — V1 — fF = 1.00, indicating a 


perfect prediction where there is perfect correlation. Let 


us consider the case where a,, o.., then 


In this instance the efficiency of forecasting is: 
V75 = .134, which indicates 
that the prediction based on information due to correla- 
tion has a probability of being 13 percent better than a 
pure guess. At the other extreme, if ¢, a.,, the correla- 
tion is zero, and all the error can be attributed to random 
Causes 

Still another problem is the estimate of the variance 
of two or more elements as a function of the correlation. 
In order to estimate the error of the variance when ignoring 
correlation, we consider the general case of the total 
Variances: a7 + a, + 2o,, a. + a, +> Cs Fu; 
where there are two variables 4 and y with a, and o, and 
correlation r,, 
If a; ao» then a7 2a; + The error in 


ignoring correlation is: 


thus for the error in ignoring correlation when 
estimating the total variance is 50 


percent 


for >, the error is 33! percent. 
lor 2, the error is 25 percent. 
for 7 1, the error is 11 percent. 
lor 0, the error is 0 percent. 


\nother consideration is the sampling error of “r’’. Thus 
it is necessary to determine whether “r’’ is significant as a 
function of the sample size. Since in general x # y, that is, 


the two standard dey lations differ by some amount e. 


then 


The error in assuming r, 0 is then for the general case: 


+ 
20, + 2oy-« + + 2r, xy € 
When r,, is 1.00 the error in assuming it is zero, can be 
evaluated for the case where o, o,, and ¢ 0. In the 
limit, & = '9 = 50 percent (which was shown previously 
If we let and ry. l 
then 


for a 2 and ry 
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Other examples can be used to show the error of predict- 
ing variances as a function of the correlation and the rela- 
tive magnitude of the variances. In the example shown, the 
maximum error is in the order of 50 percent depending on 
the two variances. This error reduces rapidly as the corre- 
lation is reduced. It must be remembered that the above 
refers to the error of predicting the range of variation and 
not the error of predicting the expected or average times. 

In summary, it has been the purpose of this paper to 
consider the problem of whether the mean time for the 
performance of elements of a motion pattern can be added 
to estimate the expected mean time for any given set of 
elements. Where the elements are dependent, the degree 
of dependence, or the correlation may be considered in 
order to estimate the error of prediction of the mean time 
(efficiency of forecasting) and to determine the error of 
neglecting the correlation on the estimate of the total 
variance. In production scheduling usage, the estimate of 
the mean times is the current problem rather than the 
estimate of the variance. 

As was indicated, the problem of statistical dependence 
is not the important one at this time; since, if elemental 
motions are random variables, then they can be added 
together to obtain an estimate of the mean performance 
time whether or not the elemental motions are dependent. 
The important problem confronting standard data is the 
question of whether the classification of motions as cur- 
rently defined by various systems is suitable for predicting 
standard times. 

Further research should be fruitful in: 

1. Determining whether elemental motions in psychom- 
otor task can be considered to be random variables. 

2. Obtaining estimates of the dependence of elemental 
motions. 

3. Determining the appropriateness of current standard 
data classifications in view of the theoretical con- 
siderations. 

4. Finding estimates of the variances of the elemental 
motion data. 

5. Evaluating the magnitude of the absolute errors in- 
volved in using standard data as currently defined. 
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Research in the American Institute 


Industrial Engineers, Inc. 


At best, the formulation of a research program and 
policy for a professional society is not an easy job. To do 
so for an organization as young and ambitious as the 
American Institute of Industrial Engineers in today’s 
dynamic and fast-unfolding field of Industrial Engineering 
is even more difficult. To be acceptable, such a program 
must meet long-range needs of the organization and also 
be compatible with probable developments in the fields of 
research involved. This means that the detailed program 
must, in its inception and execution, constantly consider 
two viewpoints that of the organization and that of those 
doing the research. If sight of either one is lost, the program 
becomes irrelevant or sterile. 

This problem is implicitly recognized in the AILE Con- 
stitution by the phrasing of the purposes of the Institute. 
The third of these is ““To encourage and assist education 
and research in areas of interest to the industrial engi- 
neer”. The fourth is: ““To promote the interchange of 
ideas and information among members of the industrial 
engineering profession’. Both of these purposes should 
influence any attempt to define a research program for the 
organization. 

The immediate problem is to outline a program which, 
within the current’ organizational and financial structure 
of the AIIE, can most effectively achieve the objectives. 
These are the encouragement of and assistance to research 
in areas of interest to industrial engineers and the pro- 
motion of the interchange of ideas and information among 
those members of the profession primarily interested in 
research. Obviously, anything done to promote the inter- 
change of ideas and information with respect to research 
by members of the profession will aid and encourage such 
research. With recognition of this secondary objective but 
with devotion to the primary one, the following program is 
outlined. 


Types of Research 


To aid and encourage research in the area is a broad 
rather than a narrow objective. Definition of those areas 
of interest to the industrial engineer is a continuous proc- 
ess which is taking place in the many different articles 
published in this Journal, and it is not proposed to discuss 
them here. On the other hand, definition or limitation of 
the term, research, is necessary. It has been used in writing 
and discussion by members of the Institute with an ex- 
tremely broad connotation, and it is intended to follow 


this precedent here. It is proposed that the proper ob- 
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jective is to aid and encourage research of three general 
types. These are: (1) basic or fundamental research in 
specialized fields of importance to industrial engineers; 
(2) the development of new analytical techniques which 
involve the application of the results of research in many 
areas, some of which may not necessarily be of specialized 
importance to industrial engineers; and (3) the develop- 
ment of new or improved methods of synthesis. These are 
discussed in more detail below. : 

Certain areas of fundamental research are directly re- 
lated to industrial engineering and, in some instances, 
peculiarly so. Some aspects of work measurement fall in 
this category; and while both industrial psychologists and 
industrial engineers have a direct interest in much of this 
research, such topics as levelling or rating investigations 
are of peculiar concern to the engineer. Other areas of re- 
search are less directly related but are rather general in 
their application. Examples of this are some of the results 
of mathematical and statistical research which have broad 
fields of application other than uses in the Quality Control, 
Sampling Inspection, Estimating, or Production and Cost 
Control procedures of industrial engineering. Research 
in areas of logic and communication theory which leads 
to engineering research in electronic equipment results, 
in turn, in computational and data processing equipment 
of direct concern to industrial engineering, as well as to 
other engineering and scientific disciplines. 

From the few éxamples given, it can be seen that re- 
search in many other areas has a bearing on industrial 
engineering. Aid and encouragement in specific areas not 
previously deemed directly related to industrial engineer- 
ing must be considered, as well as that offered for more 
obvious needs. 

The development of new analytical techniques of im- 
portance to the profession generally comes about as the 
result of basic research progress. The benefits of such de- 
velopments are realized more rapidly to the extent that 
the recognition of the need is combined with knowledge of 
the fundamental research and the area of application. 
Certainly, this organization can render a service by at- 
tempting to expedite such developments. The long time-lag 
between basic research and technique research and be- 
tween technique development and application is well il- 
lustrated by statistical developments in the field of sam- 
pling inspection, which were founded on research done 
long before and not broadly applied for a decade. Basic 
research in mathematics and statistics, in psychology; 
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applied research in electrical engineering; and research in 
many other fields is currently taking place and is furnish- 
ing the basis for new industrial engineering techniques. 
In the field of production control alone, certainly of interest 
to industrial engineers, completely new concepts are de- 
veloping as a result of such research. 

The last category of research listed is of pressing interest 
to the industrial engineer; since it is perhaps most closely 
related to the engineer and his problems. It is the type of 
research that results in the development of new techniques 
of synthesis. These developments are related to the ana- 
lytical ones discussed above and frequently stem from 
them. Some of these methods of synthesis may find ap- 
plication in areas other than industrial engineering. 
Examples of these are some of the servo-mechanism con- 
cepts which are used in design not only of electronic con- 
trol systems but have application in the synthesis of in- 
ventory control systems and in automated production 
systems both of concern to the industrial engineer. Other 
synthesis techniques, such as the refined line-balancing 
techniques, are of peculiar interest to industrial engineers. 
The concern of the industrial engineer with plant design 
and procedures specification, the concern with materials 
handling methods and automation, and many other trends 
discernible in the literature point up the need for absorp- 
tion and refinement of the new conceptions emerging from 
basic research currently in progress with the ultimate ob- 
jective of improvement of our methods of synthesis. 

A common tendency in industry and among practicing 
industrial engineers is to deplore many of the new de- 
velopments as being too “long-hair’’ or theoretical.- Most 
individuals who have done research on some of the prob- 
lems mentioned have had the experience of having their 
work so criticized. Therefore, it must be emphasized that 
if it is research, it is new; it is usually difficult to assimilate; 
and time is a factor in both the successful execution of the 
research and in the refinement of any practicable tech- 
niques of synthesis and analysis. Research, in general, is 
not easy but is usually difficult, and the interpretation of 
any good research for the practicing engineer is also dif- 
ficult. Recognition of the truth in these statements is es- 
sential before a workable program can be developed or 
executed by the AITE 


The Problems 


There are a number of problems associated with the suc- 
cessful completion of a program of research for the organi- 
zation. One of these is the important question of means of 
obtaining broader recognition among industrial engineers 
not only of the need for research, but also of what good 


research is and of its value to the profession. Perhaps the 


answer to this problem may lie, in part, in the availability 
of good publications and access to a publication medium, 
which would make it possible for interested persons to keep 
up to date. In addition, the availability of a medium in 
which to announce new studies and results and of a forum 
for discussion of current problems of research will help 


It is evident that relatively few industrial corporations 
do any significant research in the area and that few of those 
that do have encouraged publications reporting results 
obtained. Some of our large corporations have been most 
culpable in this regard. Naturally there are problems in 
such publication from the corporate viewpoint, but they 
are not insurmountable, and more inclination on the part 
of industrial engineers to publish such results would be 
beneficial. This is, of course, another facet in the develop- 
ment of the true professional attitude. 

The proper form of the organization charged with the 
aid and encouragement of research is another important 
problem in: the planning stages. It is essential that con- 
siderable breadth of knowledge of specialized and general 
areas of research be represented, along with adequate 
ability and experience, to foresee and understand the needs 
of the industrial engineer. A satisfactory blending of theo- 
retical concepts and knowledge of reality is necessary. 
Most important, the organization must be able to pursue 
its ends with great tact; for every industrial engineer 
seems to have his own special problems, ideas, peeves, and 
areas in which he would like more research. A program 
that will be worthwhile must be based on the long range 
viewpoint, flexible enough to change with the times, but 
not so flexible that it loses its effectiveness due to the 
foibles of individuals. 

Finally, there remains a number of problems, such as 
the forms in which aid and encouragement may be pro- 
vided, how best to draw on the ability and potential of 
the Institute, and many other associated problems. Some 
of these will have to be answered as time passes and ex- 
perience is gained. Others can be foreseen and planned 
for in advance. The following program is an attempt to 
develop a satisfactory solution to some of the foreseeable 
problems without prejudicing freedom of action when the 
unforeseen occurs. 


Organization 


It is proposed that the research organization consist of 
a Research Council and a series of ad hoc committees 
appointed by the President of the AILE. The Director of 
Research would serve as Chairman of the Couneil, which 
would be an advisory body appointed by the President to 
provide guidance, assistance, and continuity in the direc- 
tion of the research program of the AITE. Each member of 
the Council would serve for a five-year period, and the 
membership would rotate. It should be possible to have 
represented on this body the breadth of knowledge neces- 
sary for a critical and thorough appraisal of the research 
program. 

The two categories of research committees would serve 
two different purposes. One would be that of appraising 
and evaluating the state of development of specific areas 
of interest to industrial engineers—-a function similar to 
that of the present research committees. On the basis of 
such committee reports, the direction of the overall pro- 
gram would develop. A second type of research committee 
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would be fewer in number and more functional in nature. 
Such committees would be charged with the detailed ex- 
ecution of the program outlined below. The turnover of 
membership of all committees would be faster than that of 
the Council, and these committees would operate more 
formally than in the past. As the Institute grows, if there 
is a desire for technical divisions of special interest, the 
present type of research committees would help form a 
basis for such divisions which could take over the specialty 
functions of such committees. Continuity of the overall 
program, however, will be assured by the Council and the 
Director of Research. 


A Program 


Any program of research costs money. The problem in 
a young organization would appear to be the development 
of a program that costs little at the start but is capable of 
expansion to fill the needs that develop. It should also 
not fail to recognize those needs that are present at its in- 
ception, even if finances are limited. Obviously, such a 
program cannot furnish much financial sponsorship of 
research. It can, however, aid and encourage necessary 
financial support through other methods and also embody 
the means of developing sources outside the AILE. Many 
foundations and some governmental agencies are already 
financing research in areas of interest to the industrial 
engineer and could not fail to consider information which 
indicated problems that need study. The following five- 
step program will demand a minimum expenditure in its 
early stages but could effectively spend a considerable 
amount when it becomes available. 

The five areas of endeavor suggested are: (1) encourage- 
ment by prizes, (2) fellowship encouragement, (3) as- 
sistance through provision of information for better re- 
search coordination, (4) encouragement by direct support, 
and (5) encouragement and aid through supplementation 
of the AILE publication medium. Each of these is dis- 
cussed in detail. 

Most professional and many technical organizations 
provide encouragement for research in the form of prizes. 
The proposal is to recognize outstanding work in the field 
with two objectives in mind. The first is the recognition 
of the individual and his accomplishment. The second is 
found in the educational advantage in such recognition. 
Other research personnel, graduate students, and engi- 
neers can benefit in a variety of ways from the availability 
of the information published. It is hoped, of course, that 
others will be encouraged to do research and that more 
people will learn to recognize good research. 

Four types of prizes are contemplated. One is a prize for 
the best student paper. This would include a monetary 
reward and publication in some form. The second type is 
recognition of graduate study. A prize for each of the best 
master’s essay and the best doctor’s thesis is suggested. 
Both a certificate and some form of publication is sug- 
gested although the latter involves some considerable ex- 
penditure initially. The third type of prize is for faculty 
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research at an academic institution and consists of a certifi- 
cate and publication in the Journal. The fourth type is a 
prize for the best industrial research and also involves a 
certificate and publication. It may seem desirable to pub- 
lish some of the papers in the Journal. In any event, 
another medium for publication of the longer papers or 
theses would be necessary. Details of all must be coordi- 
nated with other committees of the ALTE. 

The graduate fellowship is a recognized method of en- 
couraging young men to embark upon a career in research 
and also furnishes a method of aiding academic research. 
Many industrial firms provide such fellowships for selected 
fields of study. For the AIIE to be able to initiate such 
a program in the near future is unlikely because of the 
costs involved. But a program which encourages industrial 
firms to award special fellowships in the field of industrial 
engineering or to include industrial engineering among the 
fields open to fellowship candidates does not involve such 
a great financial expenditure and is also an effective way 
of accomplishing the same objectives. 

A third method of aiding research is through the pro- 
vision of information for better research coordination. 
This involves a number of activities, some of which have 
already been initiated by the existent research committees. 
It is not intended to infer more than the provision of more 
complete information for the various agencies active in 
research in areas of interest to industrial engineers. This 
activity should include at least three types of endeavor. 
One is the maintenance of satisfactory liaison with re- 
search agencies of other societies. A second is the historical 
review of research in special areas. The third, and perhaps 
most important, is the provision of a mechanism to provide 
information to interested research agencies and individuals 
about work being done on various topics and in various 
fields each year. Other organizations have special publica- 
tions or media for the exchange of information on research 
taking place in various institutions. Publication of graduate 
thesis topics and abstracts each year would be an im- 
portant aid in itself. Surveys which embrace not only 
academic institutions but other research sources would 
be quite helpful, and evidence exists that more information 
is desirable in order to avoid excessive duplication of effort 
in a field where all too little good research is taking place. 
The plan for the publication of the results and information 
obtained in this part of the program is outlined below in 
the fifth proposal. 

A fourth method of encouraging research is by direct 
action to provide support. Of course, with a great deal of 
money and intelligent direction, such an activity is not 
so difficult. Without funds, however, more difficulties exist; 
but they are not insurmountable and some achievements 
should be possible even in the formative years of the 
organization. The underlying assumption to the success 
of such activity is that the committee involved has suf- 
ficient knowledge and prestige. It must have the knowledge 
to know what research is needed and how it fits the needs 
of the proposed sponsor. It must have the prestige to 
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make its recommendations significant. The functions 
would be, first, to develop industry, foundation, and 
government agency support, recognition, and relation- 
ships. A second function would be to assist in raising 
money for important research projects. A third function 
might be to act as a source of information for industry, 
governmental agencies, foundations, or research agencies 
interested in specific areas of research. 

The final proposed method of aiding and encouraging 
research and also of promoting the interchange of ideas 
among members of the profession is the provision of a pub- 
lication medium to supplement the Journal, a medium 
devoted to the publication of material which is unsuited 
for the Journal and which is of interest to those doing re- 
search. This publication would include research mono- 
graphs too lengthy for the Journal, periodic surveys of 
research in industrial engineering, prize theses and papers 
too long for the Journal or not deemed of general interest, 
and bibliographical and abstract material. The field of in- 
dustrial engineering needs such a publication, and there 
8 no reason why it cannot ultimately become self-support- 


ing, or nearly so. However, an initial expenditure for the 
first publications will be necessary. As these are sold to 
the membership and the general public, the funds re- 
covered can be devoted to publication of additional mono- 
graphs or reports. 


Conclusion 


The above program may seem to be an ambitious one. 
If so, it is in keeping with the tone of the AILE. It cer- 
tainly cannot be accomplished overnight. It cannot be ac- 
complished by one or a handful of individuals. It cannot be 
accomplished without funds. And it demands the participa- 
tion of those members of the Institute who are familiar with 
research in the area and resources of both research talent 
and funds. There is no reason why the program cannot be 
initiated this year and brought to full stature next year. 
There is nothing sacred about the specific proposals made, 
and changes to incorporate other and better ideas should 
be made. But if something of this nature does not take 
place, it is dubious whether indv rial engineering as a 
profession will ever realize its proper status. 


Another Approach to Machine Replacement 
Analysis 


By Roland W. Pinger 


Lecturer 


Our profession should be grateful to R. O. Swalm for 
his fascinating problem in machine replacement analysis, 
which appeared in the Journal of Industrial Engineering 
for January 1955. As stated in his last sentence, we can no 
longer “look with complacency on dubious methods” of 
making decisions of this kind. 

This does not mean, of course, that we must wholly 
agree with Professor Swalm’s conclusions. Personally, I 
believe that his first three “approaches” give the right 
answer although the analyses may be ‘‘dubious,”’ whereas 
the fourth “approach” gives the wrong answer because of 
an incomplete computation. By the latter | mean that the 
mere comparison of the total annual costs of two alterna- 
tives does not ordinarily supply a dependable criterion. 
Most new investments, replacement or otherwise, are in- 
tended to reduce cost, but the real question is whether 
that reduction is commensurate with the additional in- 
vestment and risks involved. 


Modification of Approach 


First of all, therefore, we should divide the annual sav- 
ing, if any, by the new capital, to get an annual rate of return 
thereon. The adequacy of latter should then be judged in 
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the light of pertaining or comparable risks. For example 
it is understood that one of our larger corporations, cur- 
rently earning “i %” on its old capital, will make a new 
investment only when “FR,” the predicted return thereon, 
exceeds 10%. The distinction between these rates is most 
important in our subsequent analysis. To use an analogy, 
“7?” will hereafter refer to the dog himself, but “R” only 
to his fail. As everyone knows, the tail is usually happier 
than the basic anatomy. 

More seriously, “i”’ will presently have the important 
function of determining the magnitude of the annual de- 
preciation charge. Unless depreciation reserves are sepa- 
rately invested (they seldom are), they should be con- 
sidered as earning at the same rate as any other old capital, 
namely ‘2%.’ In other words, annual depreciation ex- 
pense will not be merely the total cost divided by ‘‘n,” the 
vears of use. It will be that cost divided by “S,,”’ a number 
always larger than ‘‘n,” of the following name and formula: 


(%)S, = Amount of an annuity of | for n periods at 1% 
per period. 
-1 
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For example (6%) Sw = 13.1808 in any good annuity 
table. A cost of SLOO over ten years will be met by an annual 
depreciation charge, not of S10, but of 100. + 13.18 or 


$7.59. 


Application to Swalm’s ‘Table 1” 


We may now complete Professor Swalm’s in 
which the total annual costs are $1200 if the old asset is 
retained, but only $1100 if the new one is purchased. 
Obviously, 


200 — OO OO 
“R” = = 41/6 
1200) 2400 


,1/6% per annum. 


If our predetermined minimum return on the new capital 
is 5%, it is quite evident that we should not replace. 

It will be recalled, however, that for simplicity Professor 
Swalm used straight-line depreciation, which is equivalent 
lo saving that the depreciation reserve earned nothing 
at least for itself. Remembering what the hard-boiled 
master in the New Testament told the unfaithful servant, 
we might at least buy some good 3% bonds with the 
money, and thus make ‘7’? equal 3‘ 
Such action would make ‘Table 


+ instead of nothing. 
1” read as follows: 


Cost Per Year if 


Old asset is retained New asset is purchased 


S1S00 $4200 $4200 
Depreciation = = $2 


= $649 
)Se 3% S. 6.4684 


()perating costs 


Tot al 
costs S17 $1049 


1178 1049 120 


Wi ] t he equal 05375 = 5 3 Pe recent, 


1200 — 1800 2400 
If our predetermined minimum return is still 5%, it now 
appears that we might replace, provided the risks are not 
incommensurate, 

For a telephone, gas, or electric utility, we could say 
that 5% is easily earned by buying back some of its own 
bonds. Likewise the appropriate regulating commission, 
backed by numerous Supreme Court decisions, will usually 
adjust rates to earn about 519 to 6% on the utility’s “rate 
base.”’ If, however, our company is just an ordinary in- 
dustrial outfit, 53¢% is not enough. So the answer to the 
replacement problem is still “no.” 


Application to Swalm’s ““Table 4” 


Of course, Professor Swalm has anticipated our criticism 
by computing “Table 4” ‘Table 1” 


; interest as an expense. This amounts 


which differs from 
by the inclusion of 5‘ 
to $52.50 if the old asset is kept, and $122.50 if the new 
asset is purchased, raising the total annual costs to $1252.50 


ember -Decembe 


and $1222.50 respectively. In this case 


1252.50 — 1222.50 30 


— > 
4200 — 2400 = 0125 = = Percent, 


If the 5% already inserted is viewed as profit, rather 
than as interest, it could, with some validity, be added to 
the 114% to produce a total return of 644% on the invest- 
ment. This is considerably larger than the 534% already 
computed, but it will be remembered that we then let the 
depreciation reserve earn only 3% instead of 5% 

Let us now assume that the company is currently earn- 
ing 5% on its old capital, and that the depreciation reserve 
is therefore earning the same. This means using S, without 
apology, for if our industrial engineers aspire to profes- 
sional status they had better not be afraid of an ordinary 
annuity table. ““Table 4” will then look like this. 


Cost Per Year if 
Source of Expense 


Old asset is kept New asset is purchased 


Capital Recovery 
$1800 $1800 ane, 94200 $4200 


Depreciation = $265 = 
(5%)Se 6SO19 6.8019 


= S6IS 


Interest $1800 .05 = $90 $4200 .05 = $210 
Operating costs $900 $400 


Total annual 
costs. $1255 $1228 


nr 1255 — 1228 27 
R” = = = 01125 = 1 1/8 Percent 
4200 — 1800 2400 


Adding the 5% as before, we get a total return of @4¢ on 
the investment, which still means “Vo” to the replace- 
ment problem, if our company is an ordinary industrial 


The Dilemma And Its Solution 


This is most disappointing. We industrial engineers 
really wish to throw out the old equipment, but have now 
found not three, but four reasons for not doing so. Is there 
not some “approach” which will give us the answer we 
desire, or at least tell us what factor has to be changed in 
order to justify replacement? The answer is “Yes,” and 
without any mathematical skulduggery either. 

The solution is to consider “7,” “R” and “X”’ (value of 


old asset) all as variables, and to set up an equation (and 
possibly draw curves) to express the relationships en- 
volved. Thus: 

“X" = not just. $1800, but whatever:can be obtained 
for the old asset by a little judicious bargain- 
ing. Remember that the salesman is replacing 
his new asset. by your old one. 


not 3% or 5%, but whatever the depreciation 
reserve can be rightfully assumed to earn. 
not 5% or 10%, but whatever can be considered 
a reasonable minimum return on new capital. 
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“Table 5” 

We may now set up “Table 5” omitting interest as an 
expense, but expecting a correspondingly greater value 
“i”. 


” 


TABLE 5 


Cost Per Year if 
Source of Expense 


Old asset is kept New asset is purchased 


$4200 
(i%)Se 
Operating costs $400 


Depreciation 


X 4200 
Total annual costs + $400 
(i%)S« 


+ 900 
i% Se 500 


1200 — X 4200-X 


From our table values for Sg (amount of annuity of 1 
may be obtained 


0 6 


5 6 S019 
7.7156 


Assuming that Y SOO and 7 0%, 


1 
2083 — 1667 OALG 
2400 6 


, 1/6% as we found before. 
A 


Likewise, if Y 1800 and 7 5% 


500 2083 1470 0613 


6 1,8% as we found before. 


Finally, if X andi = 10%, 


5OO 


= -2083 — = 0787 = 7.87% 
2400 7.7156 


© 

Similar computations can be made for other values of 
“X" (2200, 2000, 1600, 1400, for example), and all plotted 
as Figure 1. 

It is now evident that while the earnings of the deprecia- 
tion reserve are important (but not easily controlled), 
“X” is a very significant factor and one which is susceptible 
to bargaining. The new equipment salesman may have to 
sell at a list price, but there is probably no fixed limit to 
what he can offer for your old asset. 

In any event, we need only tell him that we expect to 
earn say 5% on our depreciation reserve, and 10% on any 
new capital, and that this means that he must give us $2176 
for our old equipment if he wants to do business with us. 


If he will not or cannot do so, we must say “Farewell,” . 


for it is obvious that replacement is not economical either 
for him or for us. 
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since 


1s 
<= on Depreciation freserve 


47? 


Fic. 1. Return on Investment for Various Salvage Values and 
Depreciation Reserve Earning Rates 


Conclusion 

In conclusion we might draw a 45° line from the origin 
on Figure 1. Below that locus (R = 7) we have little con- 
cern, for if our company is already earning a certain rate 
on its existing investment, it is not likely to accept less 
return on any new capital. We dislike dogs whose tails are 
sadder than their eyes. — 


Maintenance Engineer 


Excellent opportunity with leading chemical company in south 
ern New England locality 
Applicants should have a mechanical and/or industrial engi 
neering degree with at least 3 years plant engineering and 
maintenance experience background 
Duties of the position involve 
1. Methods improvement on equipment repair, machine 
shop work and major capital projects 
Analysis and administration of departmental proce 
dures 
Estimating, planning, work measurement and data 
processing 
Functional liaison with the Industrial Engineering De 
partment 


Substantial salary commensurate with qualifications 


Send resume to Department A 


Journal of Industrial Engineering, 
225 North Avenue, N.W., Atlanta, Georgia 


Vovember-Decembe 
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& Ge/ow this line solvTiens 
1955 


INSTITUTE INTERESTS’ 


MEMBERSHIP REPORT 


A recent report received from National Headquarters shows an 
increase of 275 members of A.1.1.E. and 41 affiliates during the 
period May 2, 1955 to August 1, 1955. If the same rate coritinues, 
over a thousand new members will be joining us annually. There 
are approximately two hundred membership applications being 
processed at present. This clearly demonstrates the continued ac- 
tivity of the Chapters in reaching the Industrial Engineers in their 
area and obtaining their interest in a professional organization. 

During the same period only thirty members were dropped from 
the membership files. Some of those removed from the files were a 
result of continued return of mail addressed to them. Members 
changing address should insure that National Headquarters is 
notified. 

The following membership figures are quoted as of October Ist: 


Senior members ‘ 1189 
Associate members 2249 
Total 3438 
Affiliates 193 
Grand total 3631 


Student: membership figures will be published later in the fall. 


LOUISVILLE CHAPTER 


Stephen Derry of the Louisville Chapter writes to us concern 
ing the activities planned in the Louisville Area during the coming 
year 

The first event arranged is a Technical Societies Conference 
Evening Dinner Meeting on November 16, 1955. This is to be a 
joint meeting with all Technical Societies Chapters who are mem 
bers of the Louisville Engineer & Scientist Technical Society 
Group, some 25 in all. It is to be a dinner meeting at the Kentucky 
Hotel. The speaker will be Mel Salveson of the General Electric 
Company, New York City. Mel formerly lived in Louisville and 
has many friends in that area. The subject of his talk will be ‘‘The 
Industrial Engineer on Management’s Team.”’ It will be treated 
broadly to cover other fields of engineering on Management’s Top 
Polies Team 

The second event is still in the planning stages but it is certain 
to attraet national interest. It is a Regional Conference scheduled 
for March 8-9, 1956. The conference theme will be ‘‘How Instru- 
ments and Eleetronies Are Changing the Field of Industrial 
Engineering within Industry.’’ It is planned to combine the con- 
ference with the newly created Instruments and Electronics Trav- 
eling Show which opens in Pittsburgh on March 4 and will be in 
Louisville on March 7. This show will carry national publicity and 


* Institute Interests is a new section of the Journal designed to 
serve A.LLE 


Newsletter 


members in the same manner as the quarterly 
which ceased publication in June. It is hoped that, in 
addition to Chapter News and reports from National Head- 
quarters, space limitations will allow coverage of items of pro 
fessional interest to all Journal readers 

\ memorandum concerning public relation policies in respect 
to this section of the Journal has been mailed to all National Chap- 
ters. Further copies for individual members are available upon 
request. All news items and suggestions concerning content of this 
section of your Journal should be gailed to: N. K. Rogers, Asso 
ciate Editor, Journal of Industrial Engineering, 225 North Avenue, 
N.W.. Atlanta, Georgia. 


Vovember-December , 1955 


members in other areas interested in its itinerary may contact 
Mr. Richard Rimbach, 845 Ridge Ave., Pittsburgh 12, Pennsyl- 
vania. 

Present planning for the conference include one afternoon ses- 
sion, an all day session, two lunches and a dinner. Tom Potter is 
arranging for the speakers, and it is hoped that some of the Na- 
tional Officers will be present. Firm plans will be announced later 
in Institute Interests. 


PENINSULA CHAPTER 


Mr. John D. Van Amringe, Technical Assistant to the Plant 
Manager of the Ford Division, Ford Motor Company, Milpitas, 
Calif. gave 4n excellent talk at the August meeting on the Produc- 
tion control and scheduling problem in this new plant. 

The September meeting consisted of a tour of the Sunnyvale 
plant of Libby, MeNeill and Libby. The plant was in full produe- 
tion at the time of our visit 

A “ladies’ night’? meeting will be held at the Villa Chartier 
Restaurant in San Mateo, Calif. on October 11, 1955. 

The Peninsula Chapter is making good progress in its work as 
co-sponsor, along with the San Francisco-Oakland Chapter, of 
the Second Annual Western Regional Conference (AIIE) to be 
held in the Spring of 1956. The theme of the Conference will be: 
“Industrial Engineered Standards in Business’’. 

Membership at last count (August 1955) stood at 72 people. 

It has come to our attention that the “Handbook of Industrial 
Engineering’? by W. Grant LIreson and Eugene L. Grant, both of 
Stanford University, is now available. Mr. Ireson is a member 
of the Peninsula Chapter AITE. 


METROPOLITAN NEW YORK CHAPTER 


The following is an outline of the activities planned by the 
Metropolitan New York Chapter for the 1955-56 season 


General Meetings 


Date 


Sept. 19 


May 28 


Topic 
How a Supplemental Un- 
employment Benefit 
Plan Affects Production 
Planning 
Wage Incentives 


Are Your Standards Right 
for Cost Control? 

Automatic Data Process 
ing 

A New Concept of the 
Staff Function 

Adapting for Automation 


Management Controls 
Mean Action 

Operations Research-Case 
Studies in Inventory 
Control & Production 
Scheduling 

Reclamation of a Dying 
Management 


Speaker 


Frank C. MeCoard, Diree- 
tor of Production Plan- 
ning and Control, Ford 
Motor Company 

kd Slagle, National Presi- 
dent, ALLE 

Phil Carroll, Consulting 
Engineer 

Dr. Samuel Alexander, 
Bureauof Standards 

Peter Drucker, Author, 
Lecturer, Consultant 

Auren Uris, Author, Edi- 
tor, Research Institute 
of America 

Arnold) Emeh, Partner 
Booz, Allen & Hamilton 

Wilfred Hugli, Coordina- 
tor of Plans & Re- 
search, Stevens Insti- 
tute of Technology 

Speaker to be announced 


The general meetings will be held at the National Cash Register 


Auditorium, 30 Rockefeller Plaza 
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Oct, 24 
Nov. 28 
Dec. 19 
Jan. 23 
Feb. 27 
Mar. 19 
Apr. 23 
|_| 


Special Technique Courses 
Coat Control Realisties 


Automatic Data Processing (to be offered in March 1956 


Inspection Trips 


Fall Trip: Nov. 5, 1955; Brookhaven Laboratories 
Spring Trip: To be announced 


Seminare 


Engineering Economics and Cost Control 
Linear Programming Applications 
Organization and Management Control! 


The three seminars will be conducted by the Research & Edu- 
cation Division of the Metropolitan New York Chapter this 
season. These seminars are small, informal discussion groups deal 
ing with areas of special interest in Industrial Engineering. Par- 
ticipants are invited to submit problems or cases from their own 
experience, which are analyzed and discussed under the guidance 
of chairmen experienced in the field. The three seminars, each 
meeting once a month, are described below 

The Engineering Economics and Cost Control Se minar under the 
guidance of J. 1. Weindling will meet on Tuesdavs starting Oc- 
ober 4. This group will be concerned with finding practical solu- 


ph wes Of engineering problems presented by 
rs and with proble ms of cost determination, allocation, 
[inc ussion OL two recent papers on equipment re 
d risk analysis, and formulation of plans for the 
1955-1956 program are planned for the first session 
d seminar on Linear Programming Applications will 
Kurt Schaffir. Linear programming, a new and 
hematical technique is linding increasing applica 
ling and selection of econonmi production programs 
case studies provided by participants, seminar 
to recognize situations where L.P. can be 
Praining in the mathematical aspects of 
Ss not essential for attendance of this 
Seminal group will meet on Thursdays, starting October 20. 
The ’ m and Management Control Semina sponsored 
in conjuneti th S.A.M., will be continued this vear under the 
ont cha inship of Don Rudkin ind Robert ©. Courboin This 
group plas to give more attention this yeur to problems of man 
cement trois “8 d to p irch ising public relations per 
sonnel, cost Case studies will be used and analyzed to 
determine o trol proce dures used standards for com 
parison ippraising results. Meetings will be on 
Thursda Ss, starting October 13 
If you are interested in attending any of these discussion groups 
Starting this fall. please t lephone or drop i note right now to the 
respective chairman (addresses given below All seminars are 
free to AIL members The Industrial Economics and Linear 
Programming groups will meet at the ARM( © ofhees in the Chrvs 
ler Building; the Management Control Seminar will meet at 8 \M 
headquarters (Sth Ave. and lth St 


Eng nee anomica and Coat Control 


J. 1. Weindling, PI 
Assistant Chief Engineer 
The Korfund Co., Ine 
18-15 32nd Place 

Long Island Citv 1. N. \ 
RAvenswood 9.75800 


B Linear Programn ne ppliecat 
K. H. Sehaffir 
Mgr. Production Analysis Dept 
Mi rek «& Co., Inc 
Rahway, New Jersey 
RAhway 7-1200, Ext. 684 
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). Organization and. Management Control 


D. A. Rudkin 

Mgr. Organization Planning Dept 
Merck & Co., Inc. 

Rahway, New Jersev 

R \hway 7-1200, Ext. 3094 


ATLANTA CHAPTER 


Dedicated to inereased and more efficient industrial production 
through engineering, the members of the Atlanta Chapter of the 
AIIE have selected from among some of the area’s outstanding 


companies their new officers and directors to carry out the 
ganization’s program for 1955-1956 


Serving as president is Frank J. Johnson manager of Buildings 
Engineering, Lockheed Aircraft Corporation, Marietta, Ga. Win- 
field A. Brooks, Professor of Industrial Engi ering at Georgia 
Tech, is first vice president, and William P. Biggers. Jr.. Industrial 
Engineer, Southern Spring Bed ( Jompany, is second vice president. 

Carrying out the duties of secretary is D. M. Pitts and the 
treasurer is William R. Parks, both Industrial Engineers at Lock- 
heed Aircraft Corp. 

The new directors are James T French, President, Southeastern 
Engineering and Mfg. Co.; George W. Morris. President, George 
W. Morris & Associates; James B. Roberts. Industrial Engineer, 
Ford Motor Company; and Leslie F. Zsuffa Consulting Engineer 
and Director of Public Retations at Georgia Tech 


CINCINNATI CHAPTER 
The Cincinnati Chapter went off to a fast start with their first 


fall meeting on September 2Zist, at the Engineering Society head 
quarters 


Mr. Harry M. Hopkins, Vice President of the Tool Steel Gear 
and Pinion Company, spoke on “Industry In Turkey” and showed 
colored slides of his trip as a member of the E.C.A productivity 
team. 

Since this was the first meeting the follow ing Officers and Com 
mittee Chairmen were introduced to the members and the visitors; 


President Norman V. Gomes 
John D. Malone 
Richard Dister 
Harry E. Placke 
Richard Forberg 


Vice President 
Secretary 
Treasurer 
Direetor 
Director Lawrence Jackson 
Director tobert J. Topits 
Director S. H. Raskin 
William B. Grimes 
John D. Malone 
John Biddle 

Alan Harding 
Robert J. Topits 
Lawrence Jackson 


S. H. Raskin 


Placement 
Program 
Publications 
Reception 
Membership 
Conference 


\rrangements 


The Cincinnati Chapter extends a standing invitation to all 
members to attend the meetings held the third Wednesday of 
each month at 6:30 in the Engineering Society Headquarters 
located at 1349 East McMillan St. If in town eall Crarfield 1-0S800 
and we will be glad to provide any additional information on the 
meetings, chapter doings, or places to go. 


KEACHIE 


It is pleasant to note that E. C. Keachie of the Mechanical 
Engineering Department of the University of California in Berke 
ley has accepted a Fulbright award and will be guest professor at 
the Technische Hochschule, Darmstadt, Germany. during this 
academic year. While quite a few members of the Institute found 
themselves returning from European vacations during Se ptember 
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Mr. Keachie and his family sailed on the America from New York 
on September 29th for a vear’s sabbatical 

Mr. Keachie serves the Institute as Chairman of the Research 
Committee on Terminology and is a member of the Editorial 
Board of the Journal. 


ALLISON NEFF 


\n appeal to the Nation's publishers to help stimulate interest 


in high school mathematics and science courses has been made by 


the president of the National Society of Professional Engineers. 

In a letter to approximately SUO publishers of daily newspapers, 
Allison C. Neff, of Middletown, Ohio, newly installed president 
of the 36,000-member engineering group, asked the help of the 
press as 4 first step to ‘‘stem the tide of students away from ele- 
mentary mathematics, physics and chemistry.” 

Mr. Neff, vice-president of Armco Drainage & Metal Products, 
Inc., asked that the publishers consider these facts: 

1. Only about 25 per cent of our high school students now 
study algebra 
2. Only about 12 per cent of our high school students now 
study geometry. 
3. There are many small and even some large high schools 
which offer no courses in the physical sciences. 

“With America entering the first phase of the so-called atomic 
age we find ourselves in the amazing position of having a declining 
percentage of high school students enrolled in such basic courses 
as elementary algebra, and plane and solid geometry.’’ Mr. Neff 
said 

He further pointed out that ‘‘without a bigh school background 
in elementary mathematics, « voung person entering college is 
severely handicapped, and often all but blocked, in the pursuit of 
a Career ihn engineering 

Mr. Neff suggested that the daily newspapers ask these ques- 
tions: ‘Are there high schools in this community where students 
cannot get the background necessary for college work in engineer- 
ing? Do high school counselors in this community attempt to 
stimulate an interest in training for a career in engineering? Is 
the number of high school students enrolled in algebra and geome 
try decreasing in this community?” 

Mr. Neff stated that many recent studies by educational and 
governmental agencies indicate that the decline in high school 
enrollment in elementary math courses is increasing despite the 
fact that opportunities in the various engine ring fields are abun- 
dant 

‘The future course of American industrial achievement and 
national defense will be largely dependent on the engineering skills 
which ean be developed from the generation now in high school,” 
Mr. Neff added 


News of the Engineering Profession) 


DK. M. R. LOHMANN 


\s was anticipated after the impending retirement, effective 
September Ist, of Dean Edward R. Stapley was announced, Dr. 
M. R. Lohmann has been appointed to the position at Oklahoma 
\. & M. College 

“Pete”? Lohmann, an industrial and business expert, has been 
on the Engineering staff at A. & M. for 14 vears and has served as 
Viee Dean for the past seven vears At the age of forty vears, he 
will be one of the youngest men in the nation to head the Engineer 
ing De partment of one of the m ‘jor schools 

\ native of Minnesota, Lohmann received his B.S. in Mechan- 
ical Engineering from the University of Minnesota in 1937 and 
M.S. from the University of Pittsburgh in 1941. He was awarded 
his Ph.D. from the University of lowa only last year 

He was on the staff of Pennsylvania University before coming 
to Oklahoma A. & M. in 1941. He had also been with Aluminum 
Company of America, as an Industrial Engineer, for a time before 
joining the A. & M. staff 


ovembe December , 1954 


As an Industrial Engineer, Lohmann helped conduct post-war 
conferences on Industrial Engineering in Norway and Sweden in 
1950. He has also served as a special consultant to oil, gas, chem 
ical and business firms in Oklahoma, Kansas, and Texas. 

He is a Director in the Oklahoma Society of Professional En- 
gineers, a Council member in the American Society for Engineer- 
ing Education and holds membership in a number of other tech- 
nical and professional engineering organizations. 

Lohmann is married and has three children. 

Congratulations and best wishes are extended by all members 


of A.L.LE. 
(Oklahoma Professional Engineer) 
WASHINGTON UNIVERSITY 

The University College and the Department of Industrial 
Engineering of Washington University with the St. Louis chapters 
of the American Society for Quality Control, the American Insti 
tute of Industrial Engineers, and the Society for the Advance- 
ment of Management presented an intensive course in Statistical 
Quality Control during the period September 8 through Septem 
ber 16, 1955. 

The course covered the following list of subjects of interest to 
the Industrial Engineer 

Interpretation of X & R chart 

Relationship between process limits and specifications 

Getting and maintaining control of a process 

Special applications of variables control charts 

Construction and use of chart for fraction defective 

The chart for number defective 

Charts for number of defects per unit inspected 

Keonomie factors in use of quality control 

Principles of acceptance sampling 

Use of Dodge-Romig Tables 

Use of Mil-Std 105A 

Analysis of various sampling plans 

Sampling by variables and the place of quality control in a 
company 

Starting a quality control program 

The objectives of this course were the preparation of the stu 
dents for the application and administration of quality control in 
their own industry. Prerequisites included high school gradua 
tion or the equivalent 

The staff of instructors included 

Invinac W. Burr. Professor Burr is in charge of the Statistical 
Laboratory at Purdue University as well as professor of mathe 
matics. He is the author of the recent book “Engineering Sta 
tistics and Quality Control” as well as numerous articles in tech 
nical journals 

Joun A. Henry. Professor Henry teaches in the Mechanical 
Engineering Department at the University of Llinois. He has of 
fered a regular course in Quality Control during the last ten years 

Donato J. Kaverman. Professor Kaufman is in the Industrial 
Engineering Department at Washington University. He was the 
course director for this intensive course. 

Joseru Movsutn. Mr. Movshin is Quality Control Director for 
the Ramsey Corporation of St. Louis. He was associated with the 
U.S. Air Force procurement office. He is president of the St. Louis 
section of ASQC. 

Mason EF. Wescorr. Professor Wescott is Chairman of the 
Editorial Board of ASQC and editor of Industrial Quality Control 
He teaches in the Mathematics Department of Rutgers Univer 
sity 


UNIVERSITY OF MISSISSIPPI 


{ ten day short course on statistical quality control at the 
University of Mississippi offered Southern industrial personnel 
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an opportunity to study this vital aspect of production under the 
guidance of some of the nation’s foremost experts 

The course, held September 12-24, was planned by Dr. Gayle 
MeEj\rath, Professor of Industrial Management of the University 
of Minnesota. Instructors included Professor McElrath; Mr. 
Harmon Bayer, Quality Control Consultant, Detroit: and Mr. 
Arthur Bender, President of the American Society of Quality Con- 
trol. In addition, industry speakers were invited from the major 
areas to be represented by registrants: wood fibers, metals, tex- 
tiles, chemicals, and electrical appliances 

This short course was designed to offer enrollees an opportunity 
to learn the basic concepts of Statistical Quality Control; analyze 
and interpret in-plant data; discuss administrative problems with 
representatives from industry; broaden their concept of the use 
of statistical methods; and evaluate new material as it applies 
to their own company operations. 

The course was sponsored by the Mississippi Manufacturers 
Association and the University of Mississippi. 


WESTERN RESERVE UNIVERSITY 


Western Reserve University will be host at a three-day con- 
ference on ‘Practice il Utilization of Recorded Knowledge - Present 
and Future,’’ to be held Jan. 16-18, 1956, on the WRU campus in 
Cleveland, Ohio 

Emphasis will be on organization and use of printed material 
in such areas as the sciences, law, patents, military and govern 
ment information, business, industry and education 

Offering the conference will be Western Reserve’s School of 
Library Science and its new Center for Documentation and Com- 
munication Research. Dr. Jease H. Shera is dean of the library 
school, director and associate director, respectively, of the Center 
ire James W. Perry and Allen Kent. The conference will follow the 
Jan. 15 dedication of WRU's new $1,600,000 library 

More than 30 experts will be on the three-day program, in- 
cluding 

tussell Ackoff, chief of operations research group, Case In 
stitute of Technology; Norman Ball, interdepartmental committee 
for scientific research and development, National Scie:.ce Founda 
tion; Walter Crafts, associate director of research, i(k ctro Metal- 
lurgieal Co.; Hugh W. Field, vice president, Atlanvic Refining 
Co.; H. R. J. Groseh, manager AGT-Computations, General 
Eleetrie Co.; Herman H. Henkle, librarian, John Crerar Library; 
Louis Koenig, vice president, Southwest Research Institute; Wil 
liam N. Locke, head of the modern languages department, Massa 
chusetts Institute of Technology; James Mack, librarian, Lehigh 
University; and Ralph R. Shaw, professor at the Graduate School 
of Library Service, Rutgers University 

Complete information on the conference is available from the 
Dean, School of Library Science, Western Reserve University 


Cleveland 6, Ohio 


UNIVERSITY OF CALIFORNIA (LOS ANGELES 


Beginning September 26, University of California Extension 
will offer seventeen weekly lecture sessions on Natural Resources. 
Sponsored by the Engineering Department, the lectures will be 
given on Mondays, from 7-9:30 in Room 2276 of the Chemistry 
Building on the Los Angeles campus 

Directed towards management, engineers, and others with an 
active or potential interest in resources, the lectures will discuss 
water, air, land, and other resource problems of vital concern to 
California and its future. The reclamation of fresh water from the 
sea, air pollution, patterns of material and energy use, and nuclear 
and solar energy, all will be included as subjects which will appeal 
to nearly al] engineers whether engaged directly with resource 
projects or not 

Speakers will include Harrison Brown of California Institute 
of Technology who will deliver the September 26 lecture on “Nat- 
ural and Human Resources” and R. BR. Revelle, of the University’s 
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Institute of Oceanography at La Jolla who will talk on October 3 
about marine resources. 

Ensuing speakers at sessions through January 30, 1956, are 
Martin R. Huberty, A. F. Bush, R. F. Logan, A. F. Pillsbury, Karl 
C. Hamner, Robert M. Glendinning and Louis B. Slichter, all of 
U.C.L.A.; E. D. Howe, Hans Jenny, John A. Zivnuska, Siegfried 
V. Wantrup and A. Starker Leopold, all of Berkeley; Emil Mrak 
and Frederick A. Brooks of Davis; Chancy Starr, North American 
Aviation; W. P. Taylor, Claremont, and J. L. Fisher, Resources 
for the Future. 

Bulletins with complete course and registration information 
are available on request to offices of Engineering Extension at 
U.C.L.A 

To contribute to the development of engineers and managers 
and to prepare them for higher management responsibilities, 
University of California Extension and the College of Engineer- 
ing and School of Business Administration on the Los Angeles 
campus of the University will offer an Engineering and Manage- 
ment course from January 23 to February 2, 1956. 

Inaugurated at U.C.L.A. last January, the program, first of 
its kind to offer instruction in both the traditional and the new 
areas of industrial engineering and management theory and prac- 
tice, brought executives, managers and supervisors, from firms 
throughout the United States, Canada and the Hawaiian Islands 
to the Los Angeles campus. 

The ten-day, 8 a.m. to 5 p.m. course, will include twenty of 
ferings covering General Management Subjects, Traditional In- 
dustrial Engineering, and New Principles and New Techniques 
such as automation and electronic data processing for business and 
industry, according to Edward P. Coleman, coordinator. Early 
applications for admission this year indicate that the number of 
applicants will exceed 125, the total number which will be ad- 
mitted 

Each participant may choose a program tailored to his own 
needs to improve his current job performance, prepare him for a 
new assignment, or supplement his company’s training program, 
the coordinator points out 

Information folders and application blanks are available on re- 
quest to Mr. Coleman at the College of Engineering, University 
of California, Los Angeles 24, California. 

SCIENCE CONGRESS IN NUCLEAR ENGINEERING 

For those Industrial Engineers who are getting in on the ground 
floor of Nuclear Engineering, the Science Congress in that sub 
ject being held in Cleveland, December 12-16, should be of great 
value. This conference will be coordinated by the Engineers Joint 
Council for 26 engineering and scientifie groups, A.L.I.E. being 
among them. It will be the largest and most important conference 
of its kind ever staged in the United States 

Over two hundred and ninety papers will be presented by lead 
ing nuclear authorities from sixteen universities, thirteen govern- 
ment laboratories, and thirty four industrial corporations. These 
papers will be grouped into 50 sessions running concurrently cover- 
ing latest developments in nearly every phase of industry, science, 
and medicine 

Some of the sessions of interest to the Industrial Engineer are: 

Safety and Site Selection for Reactors (6 papers 
Instrumentation for Reactors (6 papers 

Reactor Control and Instrumentation (6 papers 

Economics in Reactor Design (6 papers 

Legal and Insurance Problems (6 papers 

Educational Requirements for Nuclear Engineering (6 papers) 
Reviews of Literature in Atomic Energy Fields (6 papers 
Dissolution and Chemical Processing (5 papers 

Complete information concerning advance registration may be 
obtained by writing: Engineers Joint Council, 29 West 39th Street, 
New York 18, N. Y. 
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ENGINEERING COMPENSATION 


Engineers and other professional employees in American in- 
dustry now are earning about 4.5 per cent more than they earned 
last year, according to a survey of compensation paid to admin- 
istrative and technical personnel just completed by the Executive 
Compensation Service of the American Management Association. 
The majority of the companies surveyed reported granting salary 
increases to individuals in this group during the past vear. 

The study, the second on this subject that the 21,000-member 
management educational association has conducted, covered 20 
engineering and professional job categories in 19 industries. It is 
part of a continuing series designed. to report salary ranges for 
specific “exempt” (from compulsory overtime penalty pay pro- 
visions of the Fair Labor Standards Act) jobs in business and 
industry. Most of the positions studied are technical or highly 
specialized in nature; typical are those of development chemist, 
project engineer (electrical or mechanical), industrial engineer, 
und sales engineer 

Considering the great demand for and short supply of profes- 
sional personnel, the range of salaries reported in the survey is 
surprisingly narrow, the A.M.A. report says. The average be- 
Kinning engineer receives about $4,500 a year. Median pay for in- 
dustrial engineering positions is approximately $6,000 annually; 
for chemical positions, $6,500; for electrical and mechanical en- 


gineering, $7,000. 


The pay level for these 20 administrative and technical posi- 
tions is just about the same as that of production foremen, as indi- 
eated by a recent A.M.A. survey of foreman compensation. Like 
foremen and like “middle management” personnel (those between 
first-line supervision and the policy-making level), individuals in 
similar professional and administrative positions tend to receive 
similar salaries regardless of geographic location. In contrast to 
management compensation, which usually is higher in larger com- 
panies, their salaries do not vary significantly among industries 
or with company size, the study indicates. 

Technical and professional employees are less likely to receive 
bonuses in addition to their salaries than are foremen and middle 
management personnel. Only a fifth of the individuals included in 
the new survey received bonuses this year, as compared to a fourth 
of the foremen and two fifths of the middle management execu- 
tives. 

Like the other reports of the A.M.A.’s Executive Compensation 
Service, the administrative and technical positions surveys are 
designed to help companies evaluate their compensation policies 
in ¢he light of current practice in other firms. These confidential 
studies are available on ‘a subscription basis to business and in- 
dustrial executives who have responsibility for administration of 
the compensation involved. 

(American Management Association News 
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RECENT READABLES 


AUTOMATION 


“Automatior Dictionary Peterson. {dvanced Vanagement, 
g 
the 


In 


definitions of the terms commonly used by 


ontrol Engineer. The definitions are written 


terms 
Elec- 


in Automation Expert’ 


\. Murphy 
July, 1955 
wrod) 


losed Loop 


nt p of a typical Automation Dictionary 


man it 


Xam the path described by an inebri ited 


ing door. Digital Computor—A guy who counts 
Feed 


with the 


What happens to your money when 
\ sur- 


on his fingers ick 


Poker gang. Operations Research- 


geon loo or 4 ete 
Epitor’s Nore: I couldn't resist including the last one 
“Machine Works From Me mory’’, Editor 

102, July 1955 
A re port on 


low 


comple tely controlled b 


lost sponge 


Plant Enginee ng, Pg 
it new electronic device which permits intricate 


machined olerance work pieces on multi-axis machines 
magnetic tape, on which entire work 
cycles have been numerical, programmed. The deve lopment 
of the machine resulted from three vears of research by MIT 


ind General Electric 
COST REDUCTION 


F. 


“Information Feedback to Management and Employees”’ 
R. H. Schroeder, E. C. Reid, and T. R. Wolf 
vanced Management, Pg. 11, August 1955 

\ series of five papers discussing cost reduction and control 


Claassen, 


through information feedback. Actua! applications of the feed 


Tue JourRNAL or 


back principle to a variety of specific situations in a number 
of companies are reported. Feedback to both Management and 
Employees is discussed on such situations as assembling 
downtime, machining, and maintenance 

‘Anybody Can Cut Overhead Costs’’, Phil Carrol! 
April 1955 

The author discusses the dangers in incorrectly analyzing 
To g ‘We carry out 
labor and material costs to the fourth decimal place. But we 


Fac fory Van 


agement & Vaintenance 

and distributing overhead costs ote 
spread on the overhead with a shovel.’’ The author suggests 
three directions that efforts should take in solving problem 
1) Overhead time should not be put in productive standards 


Analysis of all 


2) Acute analysis of overhead operations 


tecog 


overhead expenses as they are related to all products 
nition that most ove rhead costs do not apply equally to all 
products 

Minimum Cost” 


1955 


Value at 
Pg. 14 
The author reports on the Value Ana 


“Maximum Product 
ldvanced Vanage ment July 


lys 


is Technique used 


i 


by General Electric to stimulate creative thinking direct ec 
toward cost reduction. The Value job plan consists 
1) The Information Phase all 


and not opinions are obtained concerning function. cost quan 


Analvsis 


of the following where facts 


tity, vendor and drawings: 2) the Speculative Phase in which 


Analytical Phase 
4) the 


Program-Planning Phase in which the job is broken into small 


every possible solution is proposed t he 


in which the dollar value of each idea ts determined: 


parts and speci ilists are issigned to each 5) the Program 


Execution Phase in which the best ideas are pursued toa con 


clusion; (6) the Suggestion Sheet Phase in which the recom- 
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mended action is turned over to another department for 
up and prompt action 


ENGINEERING ECONOMY 


How to Build a Sound Equipment Policy”, G. J. Matchett, Iron 
Auge, Pg. 205, August 25, 1955. 

Describes the Do’s and Don’ts of cost analysis as a pre- 
requisite to a sound equipment policy. A case history is util- 
ized to explain the use of the MAPI formula. A chart for 
determining the *‘Adverse Minimum” is utilized in the case 
history. The author outlines the company departmental 

sources that should be used in developing the proper cost data. 


INVENTORY CONTROL 


‘How Much to Reorder When”, E. K Hedrick, Factory Vanage- 
ment & Maintenance, Pg. 110, August 1955. 

The biggest problem with most inventory reorder formulas 

is that reordet quantitic s are only correct when production 

requirements and parts delivery schedules remain fairly con- 


teynolds Aluminum has solved this problem by using 


stant 
a flexible-order-point system. This system involves three 
control factors: (1) Estimate of actual usage as compared with 
normal usage, (2) normal and maximum delivery times, (3) 
degree of protection against shortages required at the time. 


MATERIALS HANDLING 


“Retooling for Materials Handling’. J. R Bright, Advanced Man- 
wement, Pg. 17, July 1955 

The author suggests an overall company handling review 
leading to the establishment of a centralized material han 
dling authority. Significant trends in handling devices are dis- 
cussed along with the Mechanization Profile Chart. This chart 
was developed by the author to assist in analyzing existing 
ind proposed proce dures and to reveal indications of the de- 

gree of automaticity in various mechanic il sequences 
What to Consider When Selecting or Installing Overhead Han- 
dling Svstems’’, R. W rts, Plant Engineering. Pg. 99, July 
1955 
mphasis on the importance of preplanning the design of 
overhead handling systems. Outlines the planning of a system 
ind includes the general factors to consider in selecting one 
of the following three systems: (1) Separate, individual over 


head h indling svstem in each area department or bay 2) one 


terlocked svyster 


covering the entire plant; and (3) one 


interlocked s em several areas plus independent 


systems in isolated 
High in Warehousing’ Factory Management & 
enance, Pg. 69 5D 
Deseribes the benefits derived from the installation of auto 
matically controlled conveyors and palletizers in a large ware- 
The new handling svstem takes as many as 48.000 cases 


Heinz product from product lines during an 8-hour 


i lelivers them on pallets to conveyor terminals 
“Materials: Smart Handling Pays’, K. W. Bennett, Jron Age, 
\I iv 26H. 19055 


\ report on the Sixth National Materials Handling Exposi- 
tion at Chicago. Discusses some of the problems solved by 
manufacturers through improved handling devices. Monorail 
systems, outside vertical conveyors, radio communication on 
lift trucks, vacuum lifting devices, remote controlled tractors 


and mobile cranes are some of the devices discussed 


PRODUCTION CONTROL 


“Production Control Setup Helps Keep Shipments on Schedule”, 
C.W. Buler, Tron Age, Pg. 95, May 26, 1955 
Outlines a production control system developed for a plant 
which does not produce stock items, but instead turns out a 
wide variety of parts on a made-to-order basis. This system 
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fulfils three basie requirements: (1) Details every operation 
to be performed on a piece of material; (2) specifies on a master 
control form the completion date of each operation; and (3) 
identifies the exact location of material in process at any given 
time. 


QUALITY CONTROL 


“Some Challenging Questions in Quality Control’, E. G. Olds, 
Industrial Quality Control, Pg. 5, July 1955. 

This is the talk given by the author in accepting the 1954 
Shewhart Medal. Mr. Olds discusses the questions that have 
arisen in the twenty-four years he has been concerned with 
quality control, These questions, the author states, fall into 
four categories: Philosophical, Technical, Educational. and 
Organizational. 

“The Rule of IQC in Today’s Chemical Company’’, M. 8. Renner, 
Industrial Quality Control, Pg 7. July 1955 

This discusses some of the reasons why people have trouble 
getting started using statistics, indicates a way to make a be 
ginning and discusses problems of specification and testing 
precision in the chemical industry. A basis for communication 
between the Quality Control Man and the Chemist; i.e., a 
common language basis. 

“Ultrasonic Transmission Tester Speeds, Simplifies Production 
Inspection’’, N. W. Shubring, Jron Age, Pg. 87, August 4, 1955 

Describes the use of ultrasonic tester developed by the Gen 
eral Motors Research Laboratories. The device evaluates the 
test piece by its ultrasonic conduction, giving a direct reading 
or rejection of the part. This non-destructive method required 
114 hours for 1000 bolts, in one critical operation, whereas the 
previous method took 10 hours. 


SCHEDULING 


“How to Get Manp@wer for Turnarounds"’, J. W. Towler, The Oil 
& Gas Journal, Pg. 119, July 11, 1955, 

Describes the system used by the Union or Company for 
minimizing overall maintenance manpower costs by contrac 
tive manpower for peak workloads. The procedure involves 
the use of a combination of fixed company forces, semi-perma 
nent contractor crews and variable contractor crews. The arti 
cle outlines the organization, work planning, work scheduling 
and budget controls utilized 


WAGE INCENTIVES 


‘Financial Incentives: The Flywheel of Management Planning’”’ 
Phil Carroll, Advanced Management, Pg. 5, July 1955 


Mr. Carroll discusses incentives which he states are the 
foundation of sound management planning. Time standards 
as the backbone of planning become effective only when finan 
cial incentives are utilized to insure their attainment. “In 
centives are the flywheel effect of man’s interest since he has 
a financial share in making plans come true.’’ 

“Direct and Indirect Incentives’, Phil Carroll, Management 
Record, June 1955 
The author presents a convincing argument for work stand 
ards and incentives. To quote Mr. Carroll, ““Management 
must manage. And to do this it needs better cost data. Know 
ing material cost is not enough; but without work standards, 
that is all that is known about cost. Labor costs based on what 
you actually have paid for are after the fact and ean be any 
amount.’’ The author’s comment on incentives can be summed 
up by one statement; “If work standards are used without in- 
centives, wage costs may be higher by 20% to 35% and work 
ers’ earnings 25% to 35% less than they might be.’’ 
“New Look at Methods Incentives”, W. W. Taylor, Factory Man- 
agement & Maintenance, Pg. 90, August 1955 
The author advocates the use of methods rather than pro- 
duction incentives. His suggestion is a measured daywork 
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standard with no premium for meeting standard, and a high 
reward suggestion system to get methods improvement which 
workers nominally keep to themselves for fear of rate resetting. 


Some interesting charts are presented by the author as proof 
that production incentives won't work as well as ‘“‘methods 


incentives 


WORK MEASUREMENT 


“Management Integration Through Methods & Standards’’, T. 
Kelly 


Using his own company’s experience, the author indicates 


idvanced Management, Pg. 24, August 1955 


how methods and standards are a necessity in organization 
planning, cost reduction planning, communication, incen- 
tives, standard practices and forms control. The probable 
effectiveness of new management tools sich as operations re- 
search, electronic computors, business data and facsimile 
transmission, and automatic devices are discussed 

“\ New Look At Allowances” 

Maintenance, Pg. 112, August 1955 


This article describes the factors considered by a British 
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manufacturer in determining proper job allowances. Their 
allowance formula ineludes elemental allowances for: (1) Per 
sonal time, (2) fatigue—physical exertion, (3) fatigue--work 
ing conditions, (4) unavoidable delays, and (5) a load factor 
which reduces the preceding allowances on jobs involving 
waiting time during machine paced operations 
“Standardized Maintenance Pays’, F. O. Pierson, Petroleum 
Processing, Pe. 996, July 1955 
The result of Atlantic Refining’s attempt at controlling and 
reducing maintenance costs through labor measurement, 
planning & scheduling. Outlines the function of the planners 
in devising weekly work schedules. Large turnarounds are 
planned and scheduled a year in advance. Through the use of 
this system, Atlantic Refining has been able to achieve reduc- 
tions of from 20-25% in total man days of work during turn- 
around 


BOOKS 


‘Applied General Statistics’, F. E. Croxton & D. J. Cowden, 2nd 
Edition, New York, Prentice-Hall, Ine 
This is the most widely used book on all phases of statistics 
available today. The basic statistical concepts are covered as 
well as statistical applications and techniques applicable to 
specialized fields. Series analysis, index numbers, tests of 
significance, analysis of variance and correlation are ade 
quately treated — 
“Industrial Purchasing”, J. U1. Westing, J. V. Fine, and Members 
of the MAI, New York, John Wiley & Sons, Ine., 1955, 421 pp, 
$7.50 
The authors have drawn on the experience of many years of 
pure h wing activity to produce an excellent reference on the 
mechanics, theory, practices and organization of the pur 
chasing function. Related activities such as traffic, speculation, 
and make-or-buy are also covered 
Eugene L. Grant & Paul T. Norton, Jr., Revised 
Printing, New York, The Ronald Press Co., 1955, 4 pp., $7.50 
By liberalizing the depreciation methods allowable for tax 
purposes, the U.S. Revenue Act of 1954 brought major changes 
in depreciation treatment for all purposes. The authors have 
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explored not only the tax changes but also the financial and 
accounting implications and effects of the new law and its 
regulations 
“The Computer Directory, 1955"’, The June Issue of Computers «& 
Automation published by Berkeley Enterprizes, 36 West 1ith St 
New York 11, N. Y., 164 pgs., $4.00 
Contents: Part 1: Who's Who in the Computer Field—about 


7500 entries. Part 2: Roster of Organizations in the Computer 
Field—about 300 entries. Part 3: The Computer Field: Prod 
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ucts & Services for Sale—about 600 entries clascified under 
62 headings. 
“Management of Expanding Industries’, W. H. Newman and J. P 
Logan, New York, Columbia University Press, 1955, 125 pp., $2.75 
This volume is a report of a round table discussion by promi 
nent executives on the problem of managing and controlling 
an organization as it grows from small to medium to large. It 
contains many useful comments on successful and unsuccess 
ful business methods. 
“Wage & Salary Administration’’, D. W. Belcher, New York, 
Prentice-Hall, Inc., 1955, 490 pp, $9.00 
Control and administration of labor and salary costs is the 
avenue by which the author approaches wage and salary pay 
ments. Job evaluation, wage levels, payment methods, fringes 
individual wage determination and the overall control of 
wages «od salaries are covered. 
“Work Simplification,’’ by Ben 8. Graham, The Standard Register 
Co., Dayton 1, Ohio, 43 pages, free 
This publication is a compilation of a series of articles on 
Paperwork Simplification by Ben 8. Graham. It presents the 
basie concepts of Work Simplification and carries thess 
through to thei: application 
Mr. Graham is well known for his outstanding contributior 
in Paperwork Simplification. This is a subject of interest to 
all Industrial Engineers. Copies of the publication can be 
obtained without charge from Mr. Ben 8. Graham, Director 
of Methods Ruscarch, Standard Register Co., Dayton 1, Ohio 
The Compleat Strate yyst, by J.D. Williams, McGraw-Hill Book Co 
Inc., New York, 1954, 234 pages. 
This is one of the Rand Series, published by MeGraw-Hil! 
It is a lJayman’s ; resentation of the Theory of Games, and it is 
mighty fascinating. The presentation is excellent—ver) 
straight forward and interesting—actually a marvel of good 
expression. The author’s objective is to present some of the 
fundamentals of Game Theory without the complexity 0! 
mathematical intricacies and to interest the reader in the 
possibilities of this analytical tool as a problem solver in his 
own work. I would strongly recommend this book to each and 
every Industrial Engineer. After you have read it, then you 
can progress to the more mathematical and theoretical treat 
ments such as “Introduction toGame Theory’’ by J. McKinsey 
McGraw-Hill Book Co., Inc., New York, 1952, 371 pages 
This is a much more involved treatment of the same subject 
Game Theory has some promise as 4 valuable tool for the 
advanced Industrial Engineer. 
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Positions 


in Management Sciences 
AND 


Industrial Operations Research 


The Ramo-Wooldridge Corporation is actively engaged in 
the application of scientific methods to the solution of 
business problems. It is at present interested in offering re- 
sponsible positions to graduate industrial engineers with a 
strong background in mathematics and statistics. Experi- 
ence in production and inventory control or in the applica- 
tion of electronic computers is desirable but not necessary. 
The chief concern is to find candidates of high caliber with 
potential for success in the new field of management 
science. Positions are open both in Los Angeles and Cleve- 
land. 
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THE RAMO-WOOLDRIDGE CORPORATION 
8820 BELLANCA AVENUE 
LOS ANGELES 45, CALIFORNIA 


Proceedings 
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Your source-book of 
IDEAS that mean savings 
in design and selection of 
equipment in process 
operation and development 


To help you determine if a process is economically 
feasible, this book shows you how to make practical 
use of cost data. 


Based on sound economic principles—but without in- 
volving you in a purely theoretical presentation of econ- 
omy—it gives you the basic economic and elementary 
accounting techniques as applied in the process industries. 


Just Published! 


PROCESS 
ENGINEERING 
ECONOMICS 


—plasti By Herbert E. Schweyer 
pharmaceuticals 
mineral dressing 
and metal refining 
food and chemur- 

gical processing 
ceramic manufac- 
ture 

and other process 
industries 


Gives direct 
applications for 
engineers in 


the fields of: 
petroleum 


Professor of Chemical Engineering 


, University of Florida 


IN THE McGRAW-HILL SERIES 
IN CHEMICAL ENGINEERING 


109 pages, 6 X 9, 56 illustrations 
W tables, $7.50 


This book discusses such practical subjects as capital 
requirements for process plants, economics of selecting 
alternates, rate of return and payout time, and economic 
balance. 


Completely worked-out applications of these tech- 
niques in the form of practical problems show you how to 
handle the particular problems you are likely to encoun- 
ter in professional practice. 

In emphasizing the practical aspects of the subject, 
the book includes such features as materials and examples 
from current literature, complete differential treatment of 
breakeven points and earning rates, information on eco- 
nomic balance for chemical reaction, and many others. 


CONTENTS 
Introduction 


&. Economic Balance 
Value of Money-equivalence . Economic Balance in Cyclic Op- 
Amortization erations 
Capital Requirements for pro- 16. Economic Balance in Yield and 
cess Plants ecovery 
Costs, Earnings, Profits, and Re- 11. Economic Balance and Inventory 


turns in Process Operations 
Economics of Selecting Alternates 12. Economic Analysis of a Complete 
Rate of Return and Payout Process 

Time—Replacements 
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Order from: 
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225 North Avenue, N.W. 
Atlanta 10, Georgia 
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